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Abstract

This report has been prepared as part of the activities of the Committee on

Space Research (COSPAR) panel on a new reference atmosphere, which will aid in

the design of aircraft, missiles and satellites. It combines a review of observa-

tional results obtained over approximately the last six years on temperature,

pressure, density and winds with new models for the seasonal and latitudinal

dependence of these parameters at heights from 25 km to the lower thermosphere.

The temperature, pressure and density models extend from 25 to 110 km and are

identical with those previously given in Report \FC1'I.-70-0261, May 1970 (Air

Force Surveys in Geophysics, No. 218). W-E wind models are presented

separately for the regions 25 to 60 km and 60 to (approximately) 120 km. Three

WV-E wind models from 25 to 60 km are presented corresponding to N. American

data, Luropean/W. Asian data, and S. Hemisphere data. A model for the quasi-

biennial oscillation in W-E! winds at low latitudes is given. Other variations,

such as diurnal (tidal) variations, and S-N winds are dealt with in the review of

observational data.
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Atmospheric Structure and Its Variations
in the Region From 25 to 120 km

1. I'TROIII(TION

Since the preparation of COSPAN International Reference Atmosphere (CIRA)

1965 1 11, there has been a substantial increase in the number of measurements of

atmospheric structure by sounding rockets. This is partictlarly true in the region

below 60 kin, which is accessible by meteorological rockets. At greater heights,

the smaller numbers of new measurements, using for example the falling sphere

and grenade techniques, have nevertheless made a relatively important cont, ,ou-

tion up to 90 km. Above this level, data are sparsely distributed until the region

of orbiting satellites is reached. Analyses of satellite orbital decay from 200 to

1000 km have shown that atmospheric temperatures and densities depend on solar

activity, local time and other parametei s which, at rocket heights (below 90 kin),

are difficult or impossible to identify. On the other hand, the main variations

shown by rocket data are with season and latitude; and these variations are almost

completely absent at satellite heights.

In CIRA 1965 models of \ -E winds as well as of temperatures, pressures and

densities were presented from 30 to 80 km for different latitudes and times of the

year. S. ihemisphere data, which were relatively few, were utilized as N. Ilemi-

sphere data with a 6;-month change of date. Tabulations of the models were at

intz rvals of 5 km in height, 100 in latitude and one month in time. AXn indication

(Hvece.ive-d for publication 22 July 197 1)



of the departure of atmospheric temperatures and W-E wind speeds from those of

the models was provided by 50 percent probability limits for summer and winter

periods. These deviations showed that variability (i) increased with height, and

(ii) was much greater in, winter than summer, particularly at mid- and high-

latitudes.

The limitations of the CIRA 1965 seasonal-latitudinal models stem from the

uneven distribution of data in tinmie, height and geograph cal location:

(i) Few measurements were available near the equator or in the polar

regions, and a considerable gap existed at midlatitudes.

(ii) Most measurements had been made over the N. American continent.

(iii) The quantity ol available data decreased rapidly with height above 60 km.

(iv) Most observations were from the years 1961-63 with decreasing

numbers of observations from earlier years.

These limatations were pointed out. in CIRA 1965. Also referred to in CIRA

1965 were diurnal variations and the quasi-b-.ennial oscillation (QBO). Diurnal

variations of tidal origin are observed in winds at meteor ionization heights and in

the lower ionosphere. They arE present at lower heights with generally smaller

amplitudes in all atmospheric parameters. Unfortunately, the data provided by

meteorolbgical rockets at these lower heights have usually been taken close to

local noon, and for CIRA 1965 no information on the diurnal dependence could be

included. The models below 60 km, therefore, tend to be biassed towards local

noon conditions. The QBO is most apparent in stratospheric W'-E winds at low

.latitudes. It was first observed in balloon data and then in rocket data after

launchings commenced at Ascension Island (80S) in October 1962. The QBO has

now been followed over three cycles at this site, but at the time of preparation of

CIBA 1965 the available data were insufficient for a detailed analysis.
Since late 1963, many new rocket launching sites have been brought into

operation. Also, ground-based radio methods of wind measurement at meteor

heights and in the lower ionosphere have been undertaken at new sites during

recent years. New results on winds, temperatures and densities in the strato-

sphere, mesosphere and lower thermosphere have been presented at COSPAR

Worlkng Group 4 Open Meetings 1966-70 and progress in this field has been kept

under annual review [2J.
New CIRA models have now been prepared which are based cn a further six

-,ears of observatio-ial data. rhe new models extend the ('IRA 1965 models above

RO km and enlarge them in various other ways to be discussed later. \X with

CIRA 1965, the basis of the new study has been observational and the form which

the models take has been largely dictated by the dist -ibutions of available data

Limitations still arise due to the particular distributions of available data in time,

height and geographical location. High-latitude wintertime conditions are parti-

cularly difficult to represent.
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A large amount of new data has been acquired in recent years by meteorological

rockets with the result that in the region of 60 km the sharp fall-off in data with

height has become even sharper, necessitating different procedures for handling

dati. below and above 60 km. Temperature, pressure and density modeis for the

two height regions have been joined together and run continuously from 25 to

110 km. There are, however, three W-E vind models for the 25- to 60-km region

and these are presented separately from the 60- to 130-km model. It has been

found convenient to divide the atmosphere into regions below and above 60 km in

the following discussion of observing methods and results.

2. ATMIOSPIIHERIC STRIUCTURE 25 1TO 60 KI

2.1 Roeket %leasun,,g Teehnique'

2. 1. 1 METEOROLOGICAL ROCKET SYSTEMS

A recent review of meteorological rocket techniques is available in reference

f3J. Extensive use has been made of the ARCAS and LOKI-DART rocket systems

in the U. S. A. and elsewhere, and more recently the gun-launching of probes has

become a regular procedure at certain sites. These systems and their respective

payloads are discussed in reference f 31; other systems discussed are the British

SKUA rocket, the Polish METEOR-I system and the Australian KOOKABURRA.

Another relevant publication is that by Ballard 14] in the COSPAR Technique

Manual Series. This describes in considerable detail the ARCAS and LOKI

systems and provides a useful guide to groups planning r- teorological rocket

observations with these or other systems.

2. 1.2 WIND MEASUREMENT

The most frequently used sensor for wind measurement below 60 km has been

a parachute or similar device which also serves to decelerate a temperature-

measuring instrument package. Fracking by radar gives S-N, W -E and vertical

velocity components from which horizontal wind components are derived. The

wind response of parachute sensors is poor above 50 km [5], but useful results

may be obtained to about 65 km by applying a correction which is proportional to

the rate-of-change of horizontal velocity. Even so a residual error is present

depending on the type of radar in use. For MRN (Meteorological Rocket Network)

facilities the rms vector wind errors have been estimated as typically 4 m/s [€;).

Gliding or sailing of the parachute is believed to contribute significantly to this

error. The lowest level to which wind results can be obtained often depends on

the parachute remaining within radar tracking range. Profiles can usually be

taken down to balloon levels. The formation of the MRN was in October 1959, and

,,, ... ... --- : / • _ , : ' - ....... i mmm n-- • l m i mm nm• • n mmn
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up to 1969 observations of the wind structure had been obtained from about 12, 000

rocket launchings. This number is increasing at the rate of about 1, 000 per year.

Over 6, 000 of these launchings employed parachutes with sondes for temperature

measurement. Of the remainder over 3, 000 used radar chaff in the LOKI-type

rocket.

The very low mass/area ratios available with chaff make it a suitable wind

sensor above 65 km. In launchings at Point Barrow, Alaska [ 71 and Arenosillo,

Spain [8] wind data have been obtained at 95 to 100 km and extended down to 75 to

80 km before the chaff diffused too much for further tracking. Other advantages

of chaff are its low weight and the feasibility of using it in boosted dart vehicles.

Wind profiles are then obtained over approximately the same altitude range as with

parachute sondes of the ARCAS-type. Wind accuracies obtained with chaff vary

greatly depending on the type -jf chaff used, the height of release and the time that

has elapsed since release. No i ,cent estimates of accuracy appear to be available.

A value of 12 m/s for the rins error of the wind vector at 70 to 85 km was derived

in 1960 from simultaneous observations by two radars on 10 chaff soundings f 9].

Inflated falling spheres are also effective as wind sensors to greater heights

than parachutes on account ,f their lower mass/area ratio. Such advantage is

slightly reduced if release heights are increased in order to obtain densities from

sphere deceleration. At the Carnarvon and Woomera ranges, Australia, wind

data have generally been obtained from 75 km downwards. From 1960 to 1969 the

following numbers of releases of the ROBIN 1 metre inflated sphere were made

with the MRN [10]: Ascension Is. (8°S) 93, Kwajalein Is. (9 0 N) 11, Antigua AFB,

BWI (17 0 N) 27, Cape Kennedy, Fla. (28 0 N) 55, Eglin AFB, Fla. (30 0 N) 161,

Holloman AFB, N.M. (33 0 N) 19, Wallops Is. , Va. (38 0 N) 14. The rms vector1
wind errors for the ROBIN sphere have been given as i- m/s below 50 km in-

creasing to 3 m/s between 60 and 70 km[ 11].

In general the wind error depends on the type of sensor, its fali rate, the

method of tracking and Lype of equipmnnt used, the structure of the atmosphere

and the time interval over which the raw data are smoothed or averaged 1 12].

2. 1.3 TEMPERATURE MEASUREMENT

Above 40 km, accurate temperature measurement by means of a bead or wire

"immersion" sensor requires corrections to be applied for dynamic hea*ing and

radiation effects. Such corrections have been derived theoretically after careful

study of the heat transfer equation and the various transfer processes involved.

The work of Wagner [ 13] was adopted by the MHN for correcting thermistor

temperatures and is summarised in reference 14]. The thermistrr is a 10-rail

semiconductor bead, coated to minimize solar radiational heating. Unwanted heat

reaches the thermistor via its mount, and various designs of mo mt have been
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introduced in an effort to , ,,imize the effect. Above 55 kin, aerodynamic heating

is probably the major extraneous effect due to the fast rate of descent. Typical

corrections are -5. 0 0 C at 50 km with an error variability of ±3. 50 C and -19. 0°C

at 60 km with an error variability of ±5. 0°C.

For CIRA 1965, MRN temperature data were not used above 50 km on account

of the rapidly increasing magnitude of the correction with height. The evidence

from ARCAS launches which have accompanied grenade launches (at, for example,

Fort Cnurchill) is that the above limits of uncertainty may be exceeded for day-

time launchings at heights above 50 km 14]. However further examination [3J

of the heat transfer theory for the spherical bead thermistor has indicated a cor-

rection of -4.5 0 C with maximum uncertainties of ±3. 5°C at 60 km and of -1 0 C

with ±2. 0°C uncertainty at 50 km, th,- range of uncertainty being even less than

Wagner's. Attention has therefore been given to the effects of parachute dynamics

as a possible source of error and to the improvement of parachute stability at

lower dynamic pressures, in order to improve temperature measurement at

greater height- In view of these uncertainties, the sarme procedure has been fol-

lowed as with CIRA 1965 and MRII temperatures have not been used above 50 km

in compiling the new tables. A maximum altitude of 55 km for reasonably

reliable temperature data in routine soundings has been put forward 112J.

A temperature sensor of the resistance wire type has been used in. the Skua

sonde system in launchings at \% est Geirinish (57 0 N, 7 0 W) and other sites.

Theoretical corrections are again calculated from the heat transfer equation, but

are obtained more accurately for nighttime than daytime conditions, on account

of the large solar radiation effect. Consequently, almost all data have been ob-

tained at night. Comparisons are given below (Section 4. 2. 3) between Skua

temperature measurements at West Geirinish and the new models. (No Skua data

were used in the preparation of the temperature models following the decision to

base these on the longitude range 70 0 W to 160 0 W, but data obtained at other

longitudes such as West Geirinish have been compared with the models.)

Temperature errors, like wind errors, _Lpend on a number of factors, some

of which may vary from one launching to another; for example, aerodynamic and

radiational heating are influenced by parachute dynamics 1 121. At present it is

usual practice to apply standard corrections to all launchings.

2.2 D)ala %vailbhic

2.2.1 WIND DATA

Launch sites providing wind data below 60 km are listed in Table 1 for the

N. Hemisphere and Table 2 for the S. Hemispnere. Many new sites have been

brought into operation since the preparation of CIRA 1965 and these are marked
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with an asterisk. The numbers of profiles shown relate to those available in mid-

1970 when the wind model analysis was undertaken. MRN monthly data reports,

which provided the bulk of the data, had then been issued Lp to December 1968.

A few 1969 and early 1970 data wer.• ivailable directly from experimenters.

Meteorological rocket techniques have provided almost all the data listed, the

remainder coming from grenade experiments. In the case of Point Barrow (71 0N).

12 of the 20 profiles were from grenade experiments. For six MRN sites, which

have been operational over many years with frequent launchings, the monthly

meaih values as published in the MRN monthly reports were utilized in place of

the individual profiles.

The distribution of N. Hemisphere sites in longitude is very uneven. Most

sites are located on the N. American continent and surrounding ocean areas.

Sites northwards of 25 N are therefore grouped into two ranges of longitude: one

headed "N. America" which lies between 69 0 W and 119 0 W and one headed "Europe/

W. Asia" which lies between 70 W and 67 0 E. Very few N. Hemisphere observations

are available outside these ranges of longitude at mid- and high-latitudes, and con-

sideration of longitudinal effects is accordingly limited.

2.2.2 TEMPFER.'-TIRE DATA

Table 3 lists launching sites which have provided temperature data up to

60 kin. The list is similar to that for the winds except for a few stations where

only winds have been observed. MRN data were available up to December 1968

at the time of the analysis. As with the winds, use was made of mean monthly

values for certain stations in place of the individual profiles. Grenade and falling

sphere methods provide the data input at 55 and 60 km, MEN values not being

utilized at these heights as discussed above.

Laul•,h sites between 70 and 160 °W are grouped together in Table 3 as only

data from these sites were used in development of the models. The somewhat

smaller number of measurements from outside this longitude range were utilized

in comparisons with the model. Sufficient temperature data were not available

from Europe or any other region to form a second grouping.

2.3 N. lhmi.mphere Sinr..npli, Studi,.-

Prior to 1964 it had been demonstrated that data from the MEN could be

utilized on occasions for &,udying regional circulation patterns in the 30- to 60-km

region. The large-scale motions of the lower stratosphere were found to extend

up to at least the stratopause I68J. By the time of the IQSY, January 1964-

December 1905, the frequency of rocketsonde observations had increased sig-

nificantly and was adequate for quasi-synoptic analyses on at least a weekly basis.

The area of analysis was primarily N. America and adjacent ocean areas, and
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charts were prepared at the 5-, 2- and 0.4-mb levels, that is at 36-, 42- and

55-km altitude (69, 70]. In early 1965, the W. Geirinish site came into opera-

tion and provided the first extension to Europe at rocket heights. The we-tve.ly

analyses have been continued for 1966 and 1967, and during 1966 rocket data from

Arenosillo and Fort Sherman, and gun-probe data from Barbados permitted the

area analysed to be further enlarged at the higher levels [71].

A regular feature of the summer months is a polar anticyclone which reaches

peak intensity in July (late July in 1964, early July in 1967). Summer conditions

are generally steady and symmetrical in longitude (Figure 1 [ 72] ). Thereafter,

the system decays slowly and by the end of August high latitude cyclonic activity

may be expected to appear at 5 mb (36 kin). As the cyclone cools, the anti-

cyclonic circulation retreats southward reaching low latitudes by late October, so

that most of the hemisphere is involved in an apparently steady nearly circumpolar

westerly circulation. This situation ;s usually soon terminated by a warming with

anticyclonic activity appearing over the Aleutian area, possibly before the end of

October. A typical winter situation is difficult to define on account of the non-

steady conditions. The Aleutian anticyclone generally ih~tensifies and displaces

the polar low towards northern Europe or Eurasia. It may later fill in and sub-

sequently intensify. When the temperature gradient between the high- and low-

pressure systems increases, strong northerly winds develop over N. Canada

(Figure 2).

The main changes that occur in the winter and early spring are associated

with pulsations and displacements of the Aleutian high, and with the occurrence of

stratospheric warmings (Section 2. 4). The final phase occurs in late March or

early April when a cyclone usually dominates the polar area again for a brief

period before a warm polar anticyclone develops in response to springtime

radialional heating. Up to 30 kin, complete coverage in longitude has been pro-

vided for the N. Hemisphere since the IGY by high-level balloons; and daily and

monthly mean charts are published by the Institute of Meteorology and Geophysics,

Free University, Berlin. Synoptic studies by rockets are at present limited to

N. America and adjacent ocean areas with occasional extensions to W. Europe.

IR sensing by satellites of CO 2 emissions in the 15 iA spectral region has

more recently provided a new tool for synoptic studies in both the N. and S.

Hemispheres. A single-channel radiometer in TIROS VII provided observational

results over one seasonal cycle of the temperature field smoothed in altitude with

maximum weighting at 20 kin. Over 70 percent of the total received radiation

originated at altitudes between 10 and 30 km [73;. The differences between the

summer and winter synoptic situations were in general agreement with the ahove

remarks based on iocket results. In terms of Fourier analysis of the tempela-

ture variance along high latitude circles, the winter observations showed a
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prelominance of wave number one and led to the conclusion that horizontal eddies

were responsible for a considerable transport of ozone and heat in both hemispheres

in winter; whereas in summer, wave number zero prevailed. On 14 April IC690

NIMBUS 3 was launched with an experiment to measure the outgoing earth radiance

in seven channels of the 15 p CO2 band and one channel of the water vapour window.

Synoptic charts have been prepared from this data for the 10-mb level and for

lower levels where the additional channels operated 174]. With the launching of

NIMBUS 4 on 8 April 1970, the technique was extended to about 45 km by the intro-

duction of two "selectively chopped" channels which picked out line centres and

allowed radiation from the higher levels to be detected [75]. Results from

satellites are presented i~n the following sections.

2. t \. |lt.mivm phere -4ralo.pherit, %amnings

The development of unusually high temperatures (increases of as much as

70 0 C) in certain longitudihal regions of the stratosphere is a notable feature of

,:n+er and early spring a-fhigher latitudes. Such warmings are observed to move

downwards and polewards and have been known to extend over the whole polar

region, causing a temporary reversal in the zonal circulation irom westerly to

easterly.

A survey of N. He :,isphere stratospheric warinings has been given by

Kr'iester [7C. There are two general categories of warmings: midwinter warm-

ings, which may be divided into minor and major warmings, and final warmings,

which may be divided into early or late final warmnings. A major stratospheric

warming occurred in December 1967 which was unusual in that it began about one

month earlier than previous early warmings [771.
Midwinter warmings in the N. Hemisphere in the first quarter of 1966 have

been analysed by Labitzke at the 30- and 35-krn levels where balloon observations

are available at many longitudes 1781. The mean temperature differences between

these two levels for January were in very good agreement with the CIRA 1965 dif-

ferences. For February, however, when a majo, warming occurred, temperature

differences as well as temperatures were longitudinAlly dependent, indicating a

rapid change with height in the form of the longitudinal dependence. Such vertical

structure is clearly apparent in the NINIBUS 4 observations with westward tilts of

a few degrees longitude per km height 1791. Figure 3a relates to a layer approxi-

mately 2C-km thick centred at 2 m!) 42 kin), and Figure 3h to a layer of similar

thickness centred at 20 mb (26 kin). The warm area over N. Siberia had intensified

and moved northwards during the preceding week from latitude 25oN to the position

shown for 4 January 1971. The difference in equivalent temperature near the 2-mb

level between the hottest and coldest regions was more than 60°0 K. The pattern at

the 20-mb level was sin lar, but the amplitude of wave number one was less and
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the phase was about 250 farther eastward. This implies a westward tilt of the warm

anomaly of 1. 50 longitude per km height. Subsequently the warm region increased

little in intensity, but moved westward. On 9 January 1971, the warm region had

moved to 750N 40 0 E with a westward slope of 30 longitude per km height; there-

after the warm region at the 2-mb level moved farther westwards and decayed in

intensity.

Longitudinal variations in density are associated with those in temperature and
may significantly affect the re-entry heating and dynamics of space vehicles [ 80J.
For the December 1967 warming, horizontal density gradients in the arctic regions

as large as 0. 04 g/m 3 /deg lat occurred at 40 km (typical density 3 g/m 3 ), cor-

responding to an increase in the normal latitude gradient by about a factor of

three.

Strong winds are associated with etratospheric warmings as horizontal tempera-

ture gradients increase. The December 1967 event gave rise to a wind speed of

182 m/s at 47 km on December 13 at W. Geirinish. A year later at this site, on

7 December 1968, a speed of 184 m/s was observed at 55 km. The highest wind

speed recorded in the stratosphere appears to be 198 m/s over Heiss Is. on

1 February 1966, which occurred at the relatively low height of 39 km [81].

The unpredictable nature of stratospheric warmings and the extreme condi-

tions which can arise at these times add to the difficulty of deriving mean wind

models with limited amounts of data, and of indicating the probability of deviations

that may arise.

2.5 S. liemi-phere

For CIRA 1965 the following numbers of launchings at S. Hemisphere sites

were available: Ascension Is. (8°S) 30, Woomera (31°S) 22 and McMurdo Sound

(780S) 14. At Woomera. the seasonal wind pattern appeared similar to that at

300N sites judged by these few observations, which did not cover all months of the

year. McMurdo Sound data were of interest because of the high latitude of this

site, and from the few available winter observations it appeared that midwinter

warmings of the Antarctic were similar in many respects to Arctic warmings, the

circumpolar vortex tending to elongate and split [821. The observations were not,

however, sufficient to show whether the winter flow was disrupted in the S. flemi-

sphere to the 3ame extent as in the N. Hemisphere.

At balloon heights, different S. Hemisphere winters have behaved r- quite

different ways in terms of the detailed temperature structure; but they have not

shown the large-amplitude variability found in the Arctic (831. In late winter

(August and September) warm cells, principally in the Australian sector, produce

perceptible perturbations in the otherwise zonal flow, which develop into the final

warming.
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Asymmetries in atmospheric heating and circulation between the two hemi-

spheres m.y be expected to arise from the very different distributions of land and

sea, although the effects in the stratosphere and mesosphere may not be large.

Total ozone amounts, which were measured at 17 stations during the IGY, showed

quite a distinct asymmetry: the maximum concentration in the S. Hemisphere

occurring at 50 to 550 latitude throughout the year with decreasing concentration

towards the pole, whereas in the N. Hemisphere the maximum occurred at 600

to 700 moving to above 800 during spring [84]. The upwards extension of such

asymmetries has been uncertain due to the small number of S. Hemisphere

observations.

Since 1966, new S. Hemisphere sites have operated in S. America at Nlatal

(6 0 S), Chamical (30 0 S) and Mar Chiquita (38 0 S) as part of the EXAMETNET

(Experimental !nterAmerican Meteorological Rocket Network). Additional data

have been obtained in Australia by failing sphere and parachute experiments at

Woomera (31 0 S) and Carnarvon (25 0 S). In view of the large ocean areas in the

S. Hemisphere, shipboard launchings have provided a means of extending coverage

in latitude. Meteorological rocket launchings and pitot-static tube experiments

were carried out from the USNS Croatan in April 1965 [85, 86], and 200 launch-

ings !ave since been cai ried out from the USSR research vessels Voyeykov and

Fhokalsky 148J. Preliminary global charts of constant pressure height contours

and wind vectors (Figure 4) have been drawn at the 2--mb and 0.4-rmb levels.

From these it has been concluded [481 that (i) the summer anticyclonic circulation

is symmetric about the pole and is practically the same in both hemispheres,

(ii) the winter circulation in the S. Hemisphere is less perturbed than in the

N. Hemisphere, and (iii) during the transitional seasons (April and October) the

two zonal flows are from the west. Point (ii) was supported by an analysis of

Woomcra data in comparison with CIRA 1965 [87J. It was concluded that the

seasonal variation of the zonal wind between 35 and 75 km at Woomera was best

modelled by a single sine wave with a wavelength of one year and that CIRA 1965

(based largely on N. American data and showing a more complicated winter varia-

tion) was less satisfactory. Subsequent to this analysis, the S. Hemisphere winter

of 1969 was significantly different from the general pattern of winters in 1966,

1967 and 1968 showing a disturbance comparable with N. Hemisphere disturbances

in high-level balloon, data (up to 35 -r.n) at Laverton (38°S, 1450E). Instead of

maximum westerlies occurring in August 1969. the flow reversed, the zonal mean

for August being easterly, and a return to weak westerlies followed before the

summer pattern became established rather later than usual [88j.

Antarctic stratospheric warmings have now been observed by satellite IR

radiometry. TiROS VII was operational for the winter of 1963 and detected one

midw inter minor warming and two later winter warmings, at latitudtes of less than
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600. which moved eastwards from Australia and the South Indian Ocean [ 89]. The

S. Hemisphere winter of 1969 was observed by the polar-orbiting NIMBUS 3 up to

the 30-mb (23 kin) level [ 90j; a warm area developed in the Indian Ocean (Figure 5)

and moved to the South Pacific Ocean during August passing south of Australia,

where the decrease in westerly flow mentioned above was observed at balloon

levels. This eastwards drift appears to have been shared by the temperature

field over the whole S. Polar region. The low pressure area shown in Figure 5

remained fairly symmetrically located over the S. Pole from June to November

when a final warming moved polewards from the Indian Ocean-South Pacific area.

More pronounced changes in temperature were indicated, however, for higher

levels and NIMBUS 4 has since provided this extension in height to the 2-mb (42 kin)

level for winter 1970 [75]. Figure 6a shows considerable structure in the pattern

of isopleths at this level compared with the 20-mnb (26 km) channel (Figure 6b).

2.6 Subtropical Ridge

At times of the year other than April and October, zonal flows are in opposite

directions in the two hemispheres except at tov latitudes where they merge along

a subtropical ridge line in the winter hemisphere. Subtropical ridges are often

shown on the N. Hemisphere synoptic analyses described in Section 2. 3 and one

appears in Figure 2 at about 20 to 300 latitude for the 2-mb level. The associated

anticyclonic activity provides a coupling system for the two zonal wind regimes.

There are possibly three anticyclonic centres associated with each of the main

oceans, the one in the Pacific extending further to the north than the others at

the 2-mb level (42 kin) (Figure 4). At the 0.4-mb level (55 kin), the circumpolar

winter circulation extends to lower latitudes and the high pressure areas are found

nearer to the equator.

In terms of observations at individual sites, the hemispheric interaction is

found to be located at lower latitudes at greater heights, in keeping with the fore-

going remarks. At 55 and 60 km at Cape Kennedy (28 'N), a rapid decrease in

westerly wind speed occurs in late November-early December followed by an

increase in the late winter period (Figure 7a [ 91J). The values plotted in this

figure are the monthly means based on 1961-66 (January and February) and 1961-65
(March-December) MRN data summaries. The effect appears also at lower
stratospheric heights but the decrease is less rapid, the minimum wind speed

being reached in mid-January (Figure 8a). At 55 and 60 kin, the decrease is

scarcely apparent at White Sands (32 0 N) (Figure 7b) and has disappeared for

Point Mugu (34 0 N) (Figure 7c) and Wallh,'s Is. (380N) (Figure 7d). At 30 and

40 km, however, there is evidence of a decrease at all these sites (Figure 8).

At Sonmiani (25 0 N), the variation is similar to that at Cape Kennedy at 60 km

but the winter westerlies are less intense and below 55 km the decrease in

-m m I~t- - od
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December-January leads to a reversal to easterlies (Figure 9). According to

Rahrnatullah and Jafri, the stratospheric flow during the winter period is governed

by a ridge of high pressure extending from N. Africp and Saudi Arabia to Indo-

Pakistan and China. When the subtropical ridge is displaced southward due to

deepening of the middle latitude trough, westerlies replace easterlies in the sub-

tropics [92].

2.7 Quasi-biennial Oscillation (000)

The discovery of the QBO dates from 1960 when it was realiced that the

variations in equatorial zonal winds observed at low latitude during the 1950's

were mainly cyclic, with a period of about 26 months 1 93]. Canton Is. (30 S) data

subsequently showed that the period underwent an increase from 2 1 months for the

1959-60 cycle to 30 months for the 1961-62 cycle. A period of 33 months is

apparent in the cycle of 1963-65 (Figure 10) f94]. Lcng-period variations in the

zonal wind have recently been studied on a global basis L.aing 1950-64 balloon data

from 200 stations [ 951. The primary variation is the QBO of the equatorial

stratosphere and its extension to higher iatitudes.

The first observations of the QBO above 30 km were obtained from rocket

soundings at Ascension Is. (8 0 S), between October 1962 and October 1964 1 96].

The zonai wind oscillation was found by Reed (i) to decrease in amplitude with

increasing altitude above the 25-4m level (where balloon data had shown an ampli-

tude of about 18 nm/s) and (iG) to propagate downwards in phase, as already observed

at lower heights, but at a rate of 2 km/month, which is about twice the rate of

propagation below 30 km.

The first two years of Ascension Is. rocket data were analysed also by Angeli

and Korshover f 97] along with zonal wind data for months between March 1960 and

June 1964 from Cape Kennedy (28 N), White Sands (32°N), Wallops Is. (38°N) and

Fort Greely (64 0 N). At temperate latitudes it appeared that (U) although amptitudes

were small compared with the seasonal variation they increased with height so that

above 55 km the QBO zonal wind oscillation was larger than at tropical latitudes,

and (ii) the downwards propagation of phase was faster than at low latitudes, being

5 or more km/month.

Differences between the tropical and temperate parts of the oscillation have

also been reported for the S. Hemisphere from an analysis of 1958-66 balloon data

ovei Australia 1681. The maximum amplitude, which occurs at about 25 km in

the tropics was not found in southern latitudes below 30.5 km, the effective altitude

limit of observatior 9.

A review of the Q13O was presented by Hahmatullah at the tenth COSPAR

meeting [991. At low latitudes, this component is responsible for a significant

part of the zonal wind at stratospheric heights.
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The presence of a QBO in other atmospheric parameters at low latitudes is

not so apparent as in the zonal wind. For Ascension Is. (80 S) densities taken

between August 1964 and October 1966, a 26-month cycle was found to be signi-

ficant (on the basis of the F-test) at the 5 percent level at 45 kmn where it reduced

the variance by 7 percent, and at the 1 percent level at 30 and 35 km where it

reduced the variance by 18 and 30 percent respectively; but no significant com-

ponent was found at 40, 50 or 55 km 11001.

2.8 Diurnal(Tidal)% ariations Belo% 60 km

Since the preparation of CIRA 1965, the increased amount of data from

meteorological rocket soundings has revealed the existence of diurnal tidal

motions with amplitudes of several m/s. Diurnal components are more readily

resolved in meridional winds than zonal winds, which are subject to large seasonal

variatior.s. Data from the summer months are most suitable for analysis as the

circulation is then steadiest. At 50 km a diurnal amplitude of 8 m/s has been

found using summer data over a number of years, the maximum south-to-north

flow occurring close to local noon [ 1011. Diurnal amplitudes have also been

obtained from multiple soundings within an interval of a day or so. A comparison

between results obtained during a two-day observing period and the mean diurnal

variation in summer, derived from the combined routine soundings at White Sands

and Cape Kennedy, is shown in Figure 11. Diurnal variations in meridional flow

have also been resolved at Ascension Is. (8 0 S) and high latitude sites [ 102J.

Although atmospheric tides have been investigated theoretically for over a

century 11031, no satisfactory account of the 24-hour component could be given

until recently, _s certain solutions of Laplace's tidal equation had been overlooked.

The main thermal drives for the diurnal tide - insolation absorption by 03 and

` 20 - have been described by Lindzen [ 104J and the response of the atmosphere
to given drives has been calculated. Figures 12 to 15 show the results obtained

for the amplitudes and phases of the 24-hour wind components at the equinoxes

below 100 km [1041. The large wind amplitudes near 100 km may not be realistic

if the nonl:'near terms in the equation of motion are significant. It is apparent

that a complicated wind field is set up by relatively simple thermal drives. In

practice the thermal drives may also have a (Ictaiied global distribution, parti-

culariy in relation to the water vapour distribution. The results are therefore

a first approximation which may possibly be improved when the thermal drives are

better known At midlatitudes, the phase of the 24-hour tide changes rapidly with

latitude and is therefore sensitive to the relative thermal input between low and

high latitudes that is assumed. Seasonal changes in the thermal input will also

have an effect.
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Figures 16 and 17 show theoretical results obtained for the amplitude and

phase of the 12-hour component in the northerly wind [ 1031. In view of the various

uncertainties in the calculations, such predictions can be taken as no more than

indicative of the general nature of the tidal oscillation generated.

Comparisons between the theoreial results and observed amplitudes and

phases of the meridional wind component have now been made for various latitudes.

Data analysed have been for the usummer months (June-August), except for

Ascension Is. where all published launchings were used irrespecti've of month

(the seasonal effect at low latitudes being small). Figure 18 compares the

observed amplitudes and phases for 8°S (Ascension Is. ), 20 0 N (Barking Sands,

Grand Turk and Antigua), 300N (Cape Kennedy and White Sands), 37 0 N (Green

River, Wallops Is. and Point Mugu) and 61 0 N (Fort Greely and Fort Churchill)

with the theoretical results. There is quite good agreement between theory and

observation, particularly in view of the latitude sensitivity of the phase of the

diurnal tide at midlatitude, which arises from the change from predominantly

positive modes at low latitides to predominantly negative modes at high latitudes.

In spite of the large seasonal trend in zonal winds, Reed et al. [ 1051 have

also obtained the amplitude and phase of the diurnal variation in the zonal

component at 300N using Cape Kennedy and White Sands summer data. A

comparison with the theoretical curve for the zonal winds is shown in Figure 18f

and the general features are again in good agreement. Also shown in Figure 18f

are the observed profiles for the meridional component (taken from Figure 18c).

Except near 40 kin, the phase difference between the two components is about 90°

corresponding to a clockwise rotation of the wind vector with time.

Seasonal variations in tidal components have been investigated for 31. 5N

using two-monthly groupings of data [106, 1071. Quite significant variations of phase

with season occur particularly in the diurnal component where phases may change

rapidly with height (Figures 19 to 22). Although progress has been made in

resolving diurnal ane. semi-diurnal components at meteorological rocket heights,

the results outlined above are either restricted to 30°N latitude or to summer in

the case of other latitudes. As more data accumulate with each year of observa-

tion, the possibility of extending the analysis to other seasons and latitudes .n-

creases.

A number of attempts ha'vc now been made to observe diurnal variations in

stratosphere temperatures 1 108), but the amplitudes obtained have been consintently

greater than those predicted by tidal theory in spite of considerable efforts to

eliminate -ssible instrumental effects. Observed amplitudes for ý50° latitude

(Figure 23) are subject to a great deal of scatter, but at 48 km a value close to

8°K is indicated. A limited sample of rocketsonde temperature and wind data

gathered during a series of launchings at Wallops Is. suggests that the diurnal

S. . ...... . .... L M
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range of observed temperature consists of components that can be ascribed to (i)

the real diurnal variation, and (ii) radiational error of th,. rocketsonde instru-

ment [ 111]. At 50 km and below, many temperature observations have been pro-

vided by MRN launchings which mostly take place close to local noon. For this

reason the CIHA 1965 temperature models were biassed to local noon conditions.

A comparison [ 1] showed MRN temperatures at 300 latitude to be higher than

grenade experiment temperatures, which were not so biassed, by 80K at 40 km
and 6 K at 50 km. In preparing the temperature models presented below, an

attempt was made to remove diurnal components by the same process of averaging

over local time as used for the W-E winds. However, in this case insufficient

nighttime data were available to produce aiiy effective change, and the only prac-

tical course was to ignore local time in constructing the temperature models and

recognise that, like the earlier CIRA 1965 temperature models, they are biassed

towards noon conditions at 50 km and below.

Corresponding diurnal dependences will also be present in pressures and

densities. Diurnal variations derived from temperatures measured during

multiple MRN launchings at White Sands (32°N) in 1965 have given an amplitude

of 4 to 7 percent in pressure and 3 to 5 percent in density for the 52-58 km layer

( 1141. Diurnal density variations derived in the same way from multiple launch-

ings at Ascension Is. (80 S) have shown an amplitude of 4 percent at 50 km [ 100j.

Although these variations are small, they are comparable with the seasonal
variation at latitudes of less than 300.

2.9 "sleridional FIo% BeIow 60 km

The synoptic analyses discussed in Section 2. 4 show that large S-N wind

speeds may z.rise at times which are comparable with W-E wind speeds. Such

occurrences are usually at mid- or high-latitudes during wintertime. At other

times, meridional wind velocities are generally small compared with zonal

velocities and consequently their seasonal pattern is not so readiiy apparent as

that for the zonal winds.
Figure 24 shows S-N wind components up to 55 to 00 km for the period from

October to December 1966 at two sites, Wallops Is. and Arenosillo, which are

nearly at the same latitude but differ by 700 in longitude 1 1151. Wind magnitudes

differ appreciably between the two sites at a given time and may even be of

opposite sign. Also, changes in magnitude occur at a particular site within one

or two weeks which are of a similar order.
A distinction can be made between transient eddies, which give rise to time

variations in the meridional wind at a particular site and standing eddies which

are related to the longitudinal variations in the time-averaged value. W'hen
evaluated for the troposphere (ir terms of the appropriate standard deviations),



both transient and standing eddies were found by Newell, Wallace and Mahoney

[ 116] to be largest in the vicinity of the midlatitude jet stream at 10-km altitude.

The standing eddies are smaller in summer than winter, and even in winter their

standard deviations are small in comparison with those of the transient eddies,

which show little seasonal change (and have a maximum standard deviation of

15 m/s).

The mean meridional circulatLo.., in the form of cellular motion in the vertical

plane, is difficult to obtain without large quantities of globally distributed data on

account of the presence of eddies. Evaluation is required of the mean standing

eddy velocity around latitude circles and has so far been limited to balloon alti-

tudes. In the lower stratosphere, mean meridional motions and standing eddies

have been derived from IGY data up to the 30-mb level (24 kin) [117]. During

October to December 1957, the flow was southwaris over Canada and Greenland

with velocities up to 10 m/s and was northwards over E. Asia (Figure 25). During

January to March 1958, a second cell was present over W. and Central Asia. By

late spring speeds had slackened and by late summer, there was polewards flow

north of 600 latitude at 1 m/s or less. On averaging round a circle of latitude,

considerable cancellation occurred and values for the zonally averaged meridional

flow were found to be similar for both the winter and summer months (Figure 26).

Mean speeds were generally less than -m/s, and the flow direction was pole-2
wards at latitudes greater than 600 and equatorwards at latitudes less than 600

throughout the lower stratosphere, that is from 17 to 24 km.

Transient eddies in the lower stratosphere tend to increase with latitude, and

values of the order of 10 m/s were found in the above study at high latitudes.

Polewards of 30 latitude, a seasonal variation in the transient eddy velocity was

present. With regard to height dependence, transient eddies were least in the

region of 24 km.

Above 24 km, the longitudinal coverage by balloon observations has been in-

adequate for zonal averaging and analysis of standing eddies and the meridional cir-

culation. Temporal standard deviations may nevertheless be evaluated for a limited

longitudinal distribution of sites using balloon data (to 30 km) and meteorological

rocketsonde data (to 60 to 65 km). Above the transient eddy minimum at 24 km,

values were found to increase to a maximum at 50 km or more and to reach 25 m/s

at high latitude in win:er [ 116J. Seasonal dependence is prominent in stratospheric

transient eddies in comparison with the tropospheric ones, possibly due to the

seasonal reversal of the stratospheric vortex.

Standing eddies are expected to be an important feature of the circulation at

rocket heights as well as at balloon heights. Above 24 km, the presence of standing

eddies has been indicated in winter by the high values (- 10 mis) of the time-

averaged meridional velocities obtained from rocket launchings over N. America [116].
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A more detailed analysis of these parameters of meridional flow awaits a better

global distribution of data.

2.10 Seasonal Varations Below 60 km

Seasonal variations are one of the main variations of stratospheric and meso-

spheric structure, and have already been referred to in Sections 2. 3, 2. 5, 2. 6

and 2.7.

Rocket observations since CIRA 1965 have provided data at new locations,

particularly at low latitude and in the S. Hemisphere. Figure 27 shows a latitude-

time section of the zonal wind at 40 km for 1961-68 [ 1181. At mid- and high-

latitudes, there is the well-established pattern of easterlies in summer and

stronger westerlies in winter. The easterlies recur very regularly each year, but

the westerlies 6how year-to-year variations in the winter and early spring.

Figure 28 shows the seasonal variation of the standard devLdtion of the zonal wind

about the monthly mean for Fort Greely (64 0 N) [ 91]. Variations are much greater

in the vwi'nter than the summer and values close to 25 m/s are reached. It may

be recalled that 25 m/s was the value reported for the N-S transient eddy standard

deviation at high latitudes in winter (Section 2. 9).

At low latitudes, the summertime easterlies at 40 km (Figure 27) extend across

the equator into the winter hemisphere, giving rise to a semi-annual variation.

Due to the presence of the QBO. the annual cycles are significantly modified. The

semi-annual variation was quite well represented by the CIBA 1965 W-E wind
model, considering the small amount of low-latitude data then available. Figure 27
shows how many more low-latitude data are now available than at the end of 1963.

Using data from Ascension Is. and other sites up to September 1964, Reed

[119] estimated a maximum amplitude for the semi-annual variation of 30 m/r

near 50 km, and located the core of the summer easterlies at 15° latitude. The

levels of maximum easterlies at several low-latitude sites have been studied by

Rao and Joseph [ 120]; and the structure of the semi-annual variation at different

longitudes has been investigated by Quiroz and Miller [ 121].

Figure 27 shows that easterlies from the S. Hemisphere penetrate further

into the N. Hemisphere than do N. Hemisphere easterlies into the S. Hemisphere;

that is, there is a seasonal asymmetry between the N. and S. Hemispheres,

The S. Hemisphere westerlies extend further towards the equator than the

N. Hemisphere westerlies ,s part of the same asymmetry. Although data are

lacking at mid- and high-latitude in the S. Hemisphere, both winter and summer

regimes in the S. Hemisphere appear to be more intense or more extensive in

latitude than their N. Hemisphere counterparts.

A hemispheric asymmetry also appears in temperature data at maximum

balloon altitudes. Differences of up to 15 K have been reported [ 122] for the same



18

season in opposite hemispheres; but annual means differ by only 2 to 30K between ýhe

two hemispheres for the same latitude. As with the CIRA 1965 temperature models,

S. Hemisphere rocket temperature data are at present too few for separate con-

sideration of the two hemispheres over a wide range of latitude. The new models

presented below are representative of the N. Hemisphere at longitudes 700 to 160°W

for heights of 25 to 55 km.

3. ATMOSPHERIC STRUCTURE 60 TO 120 KM

3.1 Introduction

When the CIRA 1965 models were prepared, rocket experiments had provided

just a handful of wind and temperature observations above 60 km. The number of

launchings at different sites, most of which had been grenade experiments, were

as follows: Woomera (31 0 S) 22, Wallops Is. (380N) 19, Fort Churchill (59 0 N) 15,

Guam (130N) 9, Akita, Japan (40 0 N) 6 and Kronog&rd, Sweden (66 0 N) 3.

During the last six years, data have been obtained by grenade experiments

at a number of new sites: Point Barrow (71 0 N), ESRANGL (68 0 N), Arenosillo

(37 0 N), Sonmiani (25 0 N), Natal (60 S) and Ascension Is. (8 0 S). Other new sites

giving profiles to 80-kmn altitude have been Heiss Is. (80°N) and Volgograd (49 0 N)

[ 123]. Falling-sphere experiments have been another useful source of data at

heights which sometimes extend to 115 km. Techniques for mesospheric sounding

have been reviewed in references [ 124] and [ 125). Ground-based methods, par-

ticularly the radio-meteor technique, have provided wind data at 90 + 10 I.m ali-

tude, filling in nicely between the upper height limit for grenade data and the lower

height limit for chemical trails; these have become an important source of lower-

thermosphere wind data in recent years.

The new CIRA models nevertheless suffer from some of the same limitations

as CIRA 1965 above 60 kin:

(i) It has been necessary to combine observations from ail longitudes without

consideration of longitudinal effects. Most data are from N. Am rican sites, and

so any longitudinal bias would be towards the W. Hemisphere.

(ii) Insufficient S. Hemisphere data have been available for developing a

separate model. Therefere. S. Hemisphere data have been combined with N.

Hemisphere data with a six-month change of date.

(iii) Due to insufficient data, no account has been taken of local time in

development of the temperature models. Consequently, pressure and density

models may also be diurnally biassed.

(iv) In development of the wind models, an attempt was made to remove

diurnal effects by an averaging process based on local time but absence of data
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during certain times of the day, for example with chemical trail data, is a

fundamental limitation. In the case of radio-meteor wind results, ajurnal

components are satisfactorily removed by harmonic analysis.

The new models, therefore, give a seasonal-latitudinal representation of

atmospheric structure, extending to greater heights than CIRA 1965. The

temperature, pressure and density models extend to 110 km and the new zonal

wind models to 115 km at most latitudes. At lower heights, the models should

be more representative of mean conditions now that a greater number of obser-

vations is at hand.

3.2 %1easuring Techniques

3.2. 1 FALLING-SPHERE METHODS

The main requirements for a meteorological rocket system are quick data

readout, simple field operations, all-weather operation and low cost. Although

these requirements can be fairly closely met below 60 km, no comparable

technique is available at greater heights. Considerable experience has been

gained with passive falling spheres [ 1261 which have been considered for network

operations on account of their simplicity, reliability and cost effectiveness, but

in practice their use has been limited to those sites where high-precision radar

facilities are already available. On the other hand, the use of falling-spheres

instrumented with accelerometers simplifies ground-equipment requirements,

but increases payload costs considerably. Density data to 90 to 110 km have

been obtained by both passive and instrumented falling-spheres, and in special

cases, for example high apogee flights, to slightly greater heights. Tempera-

tures and pressures are normally derived from the density profile. The main

sources of error in sphere density measurements are (i) inaccuracy in measur-

ing the accelerations, and (ii) uncertainty in the drag coefficient particularly in

the transonic regime. Representative errors have been summarised as follows

121:

Robin (I m diameter): 3 to 3. 5% (40 to 70 kin) fLr FPS-16 radar, rigid

sphere and optimum curve fitting.

Inflatable metallized sphere (2 m, WRE Australia): Subsonic region:

6% (70 kin) decreasing to 2% (40 kin) if vertical motion is zero;

6% (70 kin) decreasing to 4% (56 kin) increasing to 8% (40 kin)

,or 2 m/s vertical motion. Supersonic region: 10% (97 kin)

due to errors in measurement of accelerations with an error

Ž5% in drag coefficient.

Rigid sphere (66 cm) with accelerometer: 5% (30 to 105 kin) except at

Mach I near 70 km; 10% (105 to 120 km) with best radar data.
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Wind data are usually obtained over a range of heights (up to 70 kin) in which the

rate of fall of the sphere is sufficiently reduced to make it wind sensitive.

3.2.2 THE GRENADE METHOD

Another main rocket technique for atmosrneric sounding is the grenade method,

in which temperatures and winds are calcuiated from the travel times of sound

waves generated by grenades exploded in sequence after ejection from a rocket on

the upleg of its flight path. Although complexity of data reduction and cost have

limited the scale of operations, an approach has been made with this technique to

synoptic-type observations over N. America, particularly during the midwinter

period [ 127]. Acoustical detection is generally possible to 90-km altiiude. Wind

and temperature determinations are effectively averaged over layers a few km

thick depending on the vertical separation of the grenade explosions. The accuracy
with which such data have been obtained at N. American sites has been estimated

from the errors in each recorded parameter. Figure 29 shows computed errors

in temperature. Prior to mid-1965, the basic size of the Wallops Is. microphone
array was about 2, 000 feet before being increased to about 30, 000 feet with -

marked reduction in error. Since the temperature results are layer averages,

the errors at discrete heights may be larger than the values in Figure 29.

3.2.3 PRESSURE GAUGE METHODS

Pressure gauges have been used extensively in Soviet meteorological rocket

soundings with at least two types of rocket for altitudes up to 50 km and 90 kim,

respectively [ 128]. Pirani gauges are mounted on a forward-pointing probe

together with tungsten-wire thermometers for determination of wall-temperatures.

Measurements are made on both the ascent of the rocket and the descent of the

instrument nose cone by parachute. A complicated analysis, involving vehicle

Mach number and mean free-path length, enables both ambient pressure and

temperature to be deduced. Errors (rms) in temperature are stated as 20 C below

30 km, 3 C at 40 km, 8 C at 50 km and 12 C at 70 km. The rms error in pres-

sure is given as 4 percent. Results have been obtained to 80-km altitude.

In USA launchings, interest in the use of pressure gauges has related to

measurements above 90 km, where observw tions are few and techniques are dif-

ficult to apply. Gauges have been of the ionization type with a radio active ioniza-

tion source and wide range of operation. Conditions of free molecular flow prevail

at these heights, and from the stagnation pressure at the nose tip ambient density

can be derived if vehicle velocity and angle of atack are known. Rocket vehicles,
therefore, need to be instrumented for attitude sensing and DOVAP (Doppler

velocity and position determination). Below 90 km, in the region of continuous

flow, ambient density can be derived from the basic pitot tube equation. With

present techniques, the total range of density measurement is from 40 to
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120-km altitude. Below 90 km. ambient pressure can also be measured directly

at the static-pressure point of the nose probe (a pitot-stati'ý tube), and tempera-

tures can be calculated from the density profile. A comparison between pitot-tube,

grenade and thermistor temperatures is shown in Figure 30. Above 50 kIn, there

is good agreement between the pitot-tube and grenade experiments, while below

this height the thermistor temperatures agree favourably with the grenade

temperatures ( 127].

3.2.4 CHEMICAL RELEASES

Above 90 klm, rocket techniques for wind measurement mostly employ chemical

releases in the form of either trails of sodium or TMA (trimethyl aluminium) or

clouds produced by small amounts of explosive [ 129, 130]. Wind speeds are

obtained by optical tracking of the releases over a time interval of 1 to 5 minuteo,

and wind errors are usually in the range of 1 to 10 m/s according to the altitude.

Sodium trails are observed by resonance radiation from the sun and, there-

fore, only yield results at morning or evening twilight when they can be observed

against a dark sky background. On the other hand, aluminised trails or clouds

are chemi-luminescent through reactions between aluminium oxide (AlO) and

atmospheric atomic oxygen and offer the important advantage of nightt-me obser-

vation, when wind determination is usually possible from 90- to about 150-km

altitude. The sodium trail technique was first employed in 1954 ard TMA releases

were introduced in 1963. The rocket-borne equipment for these releases is

relatively simple, and experimental groups in many countries have undertaken

them at an early stage of their work on investigating the upper atmosphere. In

recent years, low-latitude data have become available from sites at Thumba

(90N) [ 131j and at Barbados (13°N) where winds have been measured to 140 km

using gun-launched probes [ 132J. A similar gun facility was brought into opera-

tion at Yuma, Arizona (33°N) in June 1966. At latitudes greater than 400, there is

still an almost complete lack of wind data above 100 km. It is at midlatitude sites

that most experiments have been conducted, yet even here the prevailing wind

patterns are difficult to ascertain due to the presence of diurnal and other short-

term variations of similar magnitude, the absence of daytime data and the in-

frequency of observations at other local times.

Other techniques employing chemical releases enable ambient temperatures

to be determined spectroscopically at twilight and ambient densities to be derived

from diffusion rates, but these techniques are generally only effective atove

120 km.

3.2.5 GROUND-BASED METHODS

Although the radio-meteor method dates back to 1953 when it was first em-

ployed at Jodrell Bank (530 N) and at Adelaide (350S), it is only in recent years
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that attention has been given to its introduction at other sites and its possible

value for synoptic investigations. Wind speed components are determined from

the line-of-sight velocities of a number of meteor ionization trails measured by

the Doppler shifting of reflected radio signals. For the Adelaide system, the

accuracy of the line-of-sight drift is generally better than 10 percent of the drift

speed; that is, ±3 m/s for an average trail [ 133]. Other errors such as those in

echo range (-±2 kin) and zenith angle (less than 10) may, howe- er, be at least

as important [ 134].

An advantage of the radio-meteor method over rocket techniques is its

continuous-sampling capability, leading to the resolution of tidal and prevailing

components. As tidal and other short-term variations account for a significant

part of the total wind vector above 75 kin, radio-meteor results provide a valuable

source of data on prevailing winds and have been combined with rocket results
in devising the new W-E seasonal wind model.

Results rar E-region drifts have not been utilised in view of the uncertainty of

their interpretation as winds and the variability of the reflection height. In the

case of ionospheric drift measurements at low radio frequencies, an interpretation

in terms of real winds is justified. The reflection height is about 95 km at night,

observations being restricted to night hours by the strong daytime absorption in

the LF range. Such results are available from K~hlungsborn and Collm in the

German Democratic Republic.

3.3 Data Available

3.3. 1 WIND DATA

Table 4 summarises wind data from rocket and gun-probe techniques at
heights from 60 to 130 km that were utilized in preparing the new W-E wind models.

These models were obtained by updating a similar set of models developed in

1968 [ 155]. Only minor changes were introduced as a result of an additional two

years of data. Wind sensors in use have been either parachutes, spheres or chaff

and most of the data obtained in this way have been at the lower heights (60 and

65 km) with observations to 75 or 80 km at a few sites. Acoustical propagation

from grenade detonations has provided, results to about 90 km. Above 00 km,

results have been obtained by optical tracking of chemical releases. An important

source of data in the 95-km ragion has been provided by ground-based methods,
particularly the radio-meteor method (Table 5).

3.3.2 TEMPERATURE DATA

Table 6 lists the data .hat have been utilized in preparing the new tempera-

ture models. The analysis was undertaken in 1969. Several sites at low- and mid-

latitudes have contributed data, but at high latitudef the models depend on
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Fort Churchill and Point Barrow only ard were not extended beyond 70°N. Heiss

Island data were used to prepare a separate 800N model (Table 22).

3.4 N. Hemisphere Synoptic Studies

Synoptic iltudies by rockets have so far been limited to heights below 60 km

on account of the complexity and cost of present techniques. The introduction of

radio-meteor wind measurements at an increasing number of new sites is, however,

beginning to change this situation, at least for the 90 to 95 km height region.

Figure 31 has been drawn for January data from meteor trails, ionospheric drifts

and rockets [ 48]. The 0. 001-mb contours are spaced by calculation from the

gradient wind equation, and absolute values are taken from rocket data. With the

co-ordinrted operation of radio-meteor stations on a regularly scheduled basis,

more results of this nature should be forthcoming. Any conclusions from

Figure 31 can only be tentative but wintertime cyclonic circulation is seen to

extend upwards to these levels, with a general decrease in westerly wind speeds
due to the reversal of the latitudinal temperature gradient above 65 km. The

slight asymmetry in the vortex may also be an upwards extension of the well-

defined asymmetries at lower heights.

3.5 Possible Solar-c'cle Dependence

The need for extended observations of upper mesosphero/lower thermosphere

conditions is emphasized by recent evidence of a possible solar-cycle effect.

Figure 32 shows wintertime winds (November to February) measured at

K{~hlungsborn (54 0 N, 120 E) and Collm (51 0 N, 130 E) at various parts of the solar

cycle. The prevailing zonal component increased with increasing solar activity

from about 15 m]is towards the E. at solar minimum to nearly 40 m/s towards

the E. at solar maximum 11731. Other components also appear to have been

affected.

At other sites, operations have not yet continued over an adequate interval

of time for possible long-term effects to be resolved. Consequently, there has

been no alternative but to ignore this dependence in preparing the new models.

The results from Kuhlungsborn and Collm indicate quite a considerable effect,

but further results are needed. A comparison with the new W-E wind models

shows that the latter correspond to conditions at the time of the last solar mini-

mum. This is reasonable as much of the available 500N latitude data was obtained

during the IQSY.

Evidence of a possible solar-cycle dependence in other atmospheric para-

meters has also been cited. Winter temperatures at 80 km at Fort Churchill
(590N) show an average decrease of about 30°K between solar maximum and
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solar minimum, and summer temperatures show a possible small decrease as

well [ 174]. Meteor counting rates [175] and falling-sphere densities [ 176] have

also been analysed showing a solar-cycle effect at mesospheric heights.

:1.6 Diurnal I'idalJgariations

Above 60 km, tidal variations have been most extensively observed in wind

components by the radar-meteor method. The 24-, 12- and 8-hour solar

components are usually extracted by harmonic analysis. Ampiftudes and phases

can be expected from theoretical considerations to be both latitudinally and

seasonally dependent. Also there is evidence of long-term variations, apparently

related to the solar cycle, in periodic as well as prevailing components (Figure 32).

For these reasons, the present data coverage is still too fragmentary for a global

presentation of tidal patterns. In addition, the height'coverage by the radar-

meteor method is limited to about 90 ± 10 km and in many cases the observations

are analysed for a mean height of 95 km.

At latitude; 50 to 550N where several stations are now in operation, Lhe

12-hour component is found to be the main periodic variation exceeding the 24-hour

component by a factor of 3 to 4. In contrast to the 24-hour component, seasonal

changes in the 12-hour component follow a regular pattern. For most of the year,

the phase of the W-E component leads that of the S-N component by about 3 hours,

corresponding to a clockwise rotation of the wind vector. According to tidal theory,

maximum northward flow would occur at about 5 hours local solar time at the

equinoxes at 95 kin, and the yearly averages for Sheffield (0442 hours) and Kharkov

(3509 hours) are found to be in close correspondence [ 1631. In the September-

November period, an abrupt change of phase usually takes place; in 1965 the phase

advanced by 9 hours in an interval of 3 weeks [ 164]. Figure 33 summarises in

an idcalised way the seasonal distribution of the 12-hour tidal winds for latitudes

close to 500N.

In 1967-68 at Molodezhnaya (67 0 S), the ampliti Jes of the 12-hour component

were, in the main, greater than those of the 24- and 8-hour harmonics and showed

other similarities with N. Hemisphere data. The phase difference between the EW

and NS 12-hour components was 3 ± 1 hour for most of the year (but with anti-

clockwise instead of clockwise rotation), and an abrupt change of phase occurred

in the autumn [177]. At Heiss Is. (81 0 N), both 24- and 12-hour components have

been of comparable magnitude and equal to 10 to 20 m./s, their vectors rotating

clockwise [177]. At Adelaide (350S), the amplitude of the 24-hour component is

greater than at higher latitude sites and is comparable with the 12-hour component.

Contributions from the principal positive diurnal mode can be expected to be sig-

nificant at this latitude and to introduce a rotation of the 24-hour component wind

vector with height as well as time. Particular attention has been given to height
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resolution in the range 80 to 100 km in the analysis of observations from the

Adelaide site [ 1561. Results for the 24- and 12-hour components observed during

1966-69 are shown in Figures 34 to 37 [ 1572. Results for 90 km have shown a

satisfactory comparison with the theoretical diurnal tide at the equinoxes

(Figures 12 to 15) when due regard is taken of the simple model for the thermal

drive upon which the theory is based [ 108j.

Above 90 kin, tidal period winds have been sought by analysis of data. from

chemical releases. The absence of data during daytime and of adequate samples

of data in general are limiting factors. An analysis of 29 twilight trails from sites

at 338N apparently resolved a significant 24-hour component from 90 to 130 km

and provided evidence of rapid energy dissipation of this harmonic above 105 km

[ 1781. Dissipation of both the 24-hour and 12-hour components in this height

range has been evidenced by an analysis of 42 rocket releases at Eglin (36 0 N)

[ 179]. In spite of the attenuation of the upward tidal energy flux, the decrease of

ambient density with height tends to maintain velocity amplitudes so that tidal

components still contribute significantly to the total wind vector.

Above 130 kin, data samples have so far been inadequate for resolving har-

monic components. An alternative approach has, therefore, been the examination

of the altitude variation of wind profiles for large-scale vertical wavelengths and

the identification of these with particular tidal modes. Hligher-order, semi-

diurnal modes appear to dominate in the 120- to 160-kmt' region, although an

adequate tidal theory is not yet available for justifying such identifications 1 180].

3.7 Seasonal \ariation.n ard %inojpheri. C ir'ula ii . 60 ' ah. } kLn

Seasonal variations are one of the main variations of atmospheric structure

in the stratosphere and mesosphere, and have been referred to in Section 2. 10 for

heights below 60 km. In CIHA 1965 [11 the seasonal variation was presented

(with monthly values) to 80 km. Relatively few observations of densities or

temperatures are available in the tower thermosphere below satellite heights.

Therefore in the U.S. Standard Atmosphere Supplements, l1.;,; I [bli, curve-

fitting techniques were used to join seasonally-dep)end,.nt, h,\.r-thmnsihej'

density profiles with nonseasonal models calculated for gre-ater h( ights. \1 !I) km.,

seasonal variations of density are found to be relativel.y small, Yet thi S(;sonal

temperature variation is large. Therefore a rapid intcre.ase in the amphlovid of

the seasonal density variation between 90 and say 100 to 12) kin is iniplod I by

hydrostatics. On the .,ther hand, a correspondiuiglY rapid dbc.( i.•i it III(,, scisolln;I

density variation is indicated above this region bh th, aplri ntit Locic of a slasnl

variation at the lower satellite orbiting heights (iOf kin,).

The well-known seasonal reversal 4n stratospheric arld n, sosp.lic ,,n fl,

circulation at midlatitudcs (easterlies in summer and stroinn-ie i•,te'li. i)n
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winter) is the main feature of the CIRA 1965 W-E wind models. Chemical trail

releases and ground-based techniques have now provided new data above the 80-km

level. In 1964, zonal wind patterns for January and July were extended to 120 km

for latitudes up to 750N using Adelaide radio-meteor results and chemical release

data from Wallops Is., Eglin AFB and Woomera, Australia [ 182]. In 1969, this

model was updated at low latitudes on the basis of the wind results from the

Barbados gun-launched probes (Figure 38) [1831. Although equatorial winds appear

to be from the east at heights of 95 ± 15 km throughout the year, a slight shifting

of the wind belt N. and S. of the equator results in a seasonal reversal being

observed at the latitude of Barbados [ 1551.

Mean latitudinal cross sections of zonal winds werc developed in 1965 [184]

for both the equinoxes and soistices using data obtained by the radio-meteor and

E-layer drift techn.ques. In summer the easterlies changed to westerlies in the

E-layer, and above 120 km a return to easteilies was thought to be indicated by

sodium trail data. This description agrees with the July half of Figure 38, but in

winter the westerlies were taken to extend to only 100 to 110 km before reversing

to easterlies, whereas the January hall of Figure 38 shows them extending to

120 km. The dashed lines in Figure 38 indicate the regions where da.a have been

scant or nonexistent. These uncertainties in the zonal flow above 100 km largely

remain today, particularly polewards of 400 latitude.

In the stratosphere and mesosphere, meridional circulation is more difficult

to analyse observationally than zonal cir-ulation on account of the smaller flow

velocities involved. In the upper mesosphere/lower thermosphere, however,

meridional components are often observed which equal or exceed zonal components.

Tidal components contribute significantly at these heights to both zonal and

meridional components but, even when these have been extracted, as with the

radar-meteor technique, prevailing meridional velocities of the order of tens of

m/s remain. Figure 39 shows the meridional components obtained from an

analysis of data from rocket, gun-probe and ground-based techniques. A prominent

feature of Figure 39 is the flow from the summer hemisphere to the winter hemi-

sphere at 85 to 105 km; that is, at heights accessible for observation by the radar-

meteor technique. Figure 40 shows such otservations tor individual stations, and

the seasonal variation stands out quite clearly. Observations are, however,

needed at other longitudes to obtain the zonally-averaged meridional flow.

Cancellation would be expected to occur on averaging round a circle of latitude,

due to the presence of standing eddies, as found at lower heights (Section 2. 9).
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4. MODELS OF W-E WIND, TEMPERATURE, PRESSURE AND DENSITY

4.1 W-E Wind Models

4. 1. 1 INTRODUCTION

The W-E wind is expressed as

u z uo +u+u 2 +uQB (1)

where u is a seasonal cmponent, u 1 and u 2 are the 24- and 12-hour tidal

components and uQB is the so-called quasi-biennial oscillation. Each of these

components exceeds 20 rn/s at some height or latitude. Other components have

not been included either because they are much smaller, for example the 8-hour

tidal component, or because they are not yet well-defined, for example there may

be a long-tcrm variation at upper-rresospheric heights which is associated with

the solar cycle (Section 3. 5).

4. 1.2 SEASONAL MODELS, u0

Figure 41 shows meridional cross sections of W-E winds for the first day of

each month and latitudes 800N to 80 0 S. Up to 60 kin, the S. Hemisphere model is

based on S. Hemisphere data where available and is blank in regions where no

data are available. Above 60 km, data coverage is poor in the S. Hemisphere.

and the model shown is that for the N. Hemisphere with a 6-month change of

date. Obviously if hemispherical differences are present below 60 kin, they do

not suddenly disappear at this level, and the contour patterns below 60 km are to

some extent indicative of conditions above 60 km.

For the winter months, realistic models are difficult to devise on account of

longitudinal asymmetries. Two separate models have tierefore been developed

below 60 km from (i; N. American data, and (ii) European/W. Asian data for the

months October to April. A comparison between the two models underlines the

difficulty of finding representative values. For the other five months of the year,

longitudinal asymmetry is relatively small. The wintertime asymmetries can be
expected to Extend above 60 km, but a poor distribution of dar., in longitude
prevents a detailed analysis. No analysis of longitudinal effects has been possible

for the S. Hemisphere at any height, but there is evidence that the wintertime

stratospheric circulation in the S. Hemisphere is less perturbed than that in the

N. Hemisphere (Section 2. 5).

The tabulated values on which Figure 41 is based appear in the following

tables:
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Tables 7 a and b - West-East winds (m/s), 26 to 60 kin: based on N. Hemi-

sphere data from all longitudes except for sites north of 250N where,

between mid-Septembe±" and mid-April, only data from N. America are

included.

Tables 8 a and b - West-East winds (m/s), 25 to 60 kin: based on N.

Hemisphere data from all longitudes except for sites north of 250N where,

between mid-September and mid-April, only data from Europe/W. Asia

are included.

Tables 9 a and b - West-East winds (m/s), 25 to 60 kin: based on S. Hemi-

sphere data from all longitudes.

Tables 10 a and b - West-East winds (m/s), 60 to 130 kin: based on data from

all longitudes with S. Hemisphere data shifted 6 monhs in time.

An account of the method of preparation of Tables'7 to 10 is given in

Appendix A.

4. 1.3 THE QUASI-BIENNIAL OSCILLATION IN W-E WINDS, uQB

Along with the preparation of the seasonal models (Section 4. 1. 2), W-E wind

data below 60 km frcm individual sites were analysed for a periodic component of

unknown period T in the range 24 to 40 months. When determined, the component

was subtracted from individual profiles and an improved seasonal model obtained.

The computation was then recycled by removing the seasonal component from in-

dividual profiles and improving the determination of the quasi-biennial component.

The analytical form taken was

uQB = A cos[ 21(M - M 0 )/TJ (2)

where M is time after 1 January 1966 ik- units of months, and M is a value of M

when maximum flow from the west occurs. The quantities A and M cepend on

latitude and height.

The component uQB was resolved for the following stations or combination of

stations: Ascension Is. (8 0 S); Gan (10 S) + Natal (60 S); Fort Sherman (90 N);

Antigua (17 0 N); Grand Turk (21 0 N)+ Barking Sands (22 0 N); Cape Kennedy (28 0 N);

Point Mugu (34 0 N); White Sands (32aN); Tonopah (38 0 N) + Wallope Island (380N);

Volgograd (49 0 N) + Primrose Lake (55 0 N); Fort Churchill (59 0 N); Fort Greely

(64 0 N); Thule (77 0 N). The results obtained showed that:

(i) A value of T equal to 32 months was appropriate to all stations for

minimizing the sum of residuals squared.

(ii) Amplitudes were small (generally less than 5 m/s) at latitudes greater

than 200.
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(iii) A high degre,! of symmetry about the equator was indicated by a compari.-

son between the Ascension Is. (8 0 S) and Fort Sherman (90N) results.

Values of A and Mo, which are consistent with those for the individual stations,

appear in the following tables:

Table 11 - Amplitude A (m/s) of the QBO of the W-E wind (T = 32 months).

Table 12 - Number of months after 1 January 1966 M when maximum flow

from the west occurs in the QBO of the W-E wind (T = 32 months).

Equation (2) is only valid for those years over which data are available and

should not be extrapolated to other dates; it is expected to be valid for 1961-69.

The period of 32 months is consistent with Figure 10 for 1961 onwards. Prior to

1961 changes occurred in the QBO period as discussed in Section 2.7, and there is

no reason to doubt that such changes may occur at a future date.

4.1.4 24- AND 12-HOUR COMPONENTS, uI AND u 2

For these components, write

uI = A 1 cos z(t t t 1 )/12

u 2 = A 2 cos w(t - t2 )/6 (3)

where t is local time in hours and tl, t2 are the times of maximum flow from the

west. Information concerning A 1V A 2 and t 1 , t 2 is rather fragmentary:

Below 60 km:

(i) A 1 , A 2 are less than 10 m/s at all latitudes and seasons.

(ii) For 30°N in summer, values of A1 and t 1 are shown in Figure 18f from

observation and theory.

(iii) For other latitudes at the equinoxes, theoretical values of A 1 and tI are

shown in Figures 12 and 13.

(iv) For 31. 5 0 N, observational values of Al, tI and A2 , t2 are shown in

Figures 19 and 20 at two-monthly intervals.

Above 60 kin:

(i) For various latitudes at the equinoxes, theoretical values of A and t1 are

shown in Figures 12 and 13.

(ii) For 35 0 S, observational values of A 1l t 1 and A 2 . t2 for 1966-69 are shown

in Figures 34 to 37.

(iii) For 50 0 N, A 2 , t2 at 95 km show a regular seasonal trend (changing

abruptly in September-November) which is illustrated in Figure 33. AI is generally

less than A2 and is subject to intcrdiurnal variations, but for long-term averages

(year 1964-65) X 16 m/s"AI - 14 hours ( 163J.



30

4.1.5 COMPARISONS OF W-E WIND DATA WITH THE SEASONAL MODELS

The results of comparison between individual wind profiles and the models

(Tables 7 to 10) are shown in Tables 13 to 17 respectively. The information tabulated

for each monthly group and 100 latitude range is

NRO (or NR) - number of observations analysed.

G - number of four-hourly groups of local time 02-06 hours,

06-10 hours, etc., in which at least one observation occurs.

MD - mean deviation (m/s) between observations and model; ob-

servations were first corrected for the QBO (for sites at

latitudes less than 350) and their differences from the model

were then averaged for each of the G four-hourly time groups.

The value shown under MD is the average of these G averages.

If most of the G groups contain data, that is if data are

diurnally well distributed, tidal components are averaged out.

SD - standard deviation (m/s) of the distribution of differences

from the model

Table 13 shows the comparison below 60 km for sites butween -5OS and 25 0 N

with Table 7 (or Table 8 which is identical with Table 7 at 00, 100 and 200 latitude).

Table 14 shows the comparison for S. Hemisphere data with the S. Hemisphere

model (Table 9). Tables 15 and 16 show the comparisons for October to April data

from N. American sites and European/W. Asian sites northwards of 25°N with

their respective models (Tables 7 and 8). The results for May to September in

Tables 15 and 16 are obtained by comparing all data northwards of 250N with

Table 7 (or Table 8 which is identical with Table 7 for these months).
Table 17 shows the comparison of data above 60 km with the model of Table 10.

At these heights, S. Hemisphere data are treated as N. Hemisphere data with a

six-month change of date. Prevailing wind components, determined by harmonic

analysis of radar-meteor observations, are combined with rocket data in this

comparison. The large mean deviations at the greater heights are not unexpected

in view of the increasing ampiitude of tidal and short-period components with

height. The monthly intervals in which most data have been collected at 30 (±5)°

sites above 95 km are May 15-June 14 (centred on 1 June) and November 15-

December 14 (cet,tred on 1 December). The available profiles for these dates are

plotted in Figure 42 together with the model values (Table 10). Deviations from

the mean are often 50 to 100 m/s and seen to be greater in winter than summer.
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4.2 Temperature Models

4.2. 1 SEASONAL MODELS

Figure 43 shows meridional cross-sections of temperature for the first day

of each month and latitudes 70°N to 700S. Data from the S. Hemisphere and

N. Hemisphere have been combined with a six-month change of date. As relatively

few S. Hemisphere observations are available, the models are biassed to

N. Hemisphere conditions.

Below 60 kin, the models are based on data at longitudes 70-160 °W, where

most measurements have been made in any case. Tn the winter months at high

latitudes, longitudinal variations are comparable in magnitude with latitudinal

variatiuns on account of the Aleutian high pressure area and it is difficult to

present realistic models. Data from Fort Churchill (59 0 N) and Fort Greely

(640N) essentially determine the high-latitude (60 and 70 0 N) regions, which at

25 to 35 km have been made consistent with radiosonde data for 1150 W [ 186J.

Above 60 kin, data from all longitudes have been combined in construction

of the models. Again, most data were from the W. Hemisphere and continuity

with the model below 60 km was good.

The tabulated values on which Figure 43 is based appear in the following

tables:

Tables 18 a and b - Temperature (OK) 25 to 110 kin: below 60 kni, values

are based on data at longitudes 70-1600 W.

An account of the method of preparation of Tables 18 a and b is given in

Appendix A.

4.2.2 DIURNAL VARIATIONS

Lack of data has prevented dependence on local time from being taken into

account in developing the temperature models. At 50 km and below, MRN

measurements have provided a relatively large input of data, lut most of these

have been taken within a few hours of local noon, thus providing a very poor dis-

tribution of data with local time. The models at these lower heights can, there-

fore, be expected to be biassed towards noon conditions.

Above 60 kin, observations have a more even distribution in local time and

the model here may be closer to the diurnal mean, although observations are too

few for a detailed analysis. For a review of theoretical and observational results

of diurnal temperature variations see Section 2. 8 and Figure 23. As well as

variations of a tidal origin, other temporal variations, due possibly to gravity

waves or weather systems, may be present.

__.
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4.2.3 COMPARISONS OF TEMPERATURE DATA WITH SEASONAL
MODELS

Differences between observed values below 60 km and model values, when

interpolated to the same data and launch-site latitude, have been averaged in

monthly groups (from mid-month to mid-month) and are shown in Table 19 for a

selection of launch sites. Standard deviations and the number of observations are

also given. Launch sites lying between 70 and VC0 °W are marked with an asterisk

and were used to develop the temperature models against which they are compared.

Mean differences amount to no more than a few OK for all sites, whether they were

used for constructing the models or not, except for a few cases which are now

discussed.

The high winter values at Fort Greely (64 0 N, 146 0 W) and Point Barrow (71 0 N,

157 0 W) are attributed to the longitudinal variation referred to in Section 4. 2. 1 and

the westward location of these sites relative tc 115 0 W. At West Geirinish (570N.

70 W) values are lower than the model except between mid-December and mid-

January when they are distinctly higher due to the occurrence of sudden warmings.

The lower temperatures could be partly due to the longitudinal variation and partly

due to a diurnal effect as these measurements were taken at night, whereas MRN

measurements are mostly taken during the day.

Since most of the MRN daia listed in Table 3 were obtained before July 1966,

it was thought desirable that the models should also be consistent with the monthly

mean MRN temperatures from January 1965 to December 1968 for five launch

sites lying within 70 to 160 W longitude. The differences between these means

and the models interpolated to the same launch-site latitude and the middle of the

month have been averaged, and the values obtained are shown in Table 20. The

means are seen to be consistent with the models to within a few 0 K, including

those at Ascension Is. which lies at 14 0 W longitude. The higher differences at

Fort Greely in winter are attributed to the longitudinal asymmetry mentioned

above.

Table 21 shows comparisons between observed temperatures above 60 km

and the model interpolated to the same latitude and date. The mean differences

and the standard deviations indicate the magnitude of departure from the model to

be expected. Launch sites have been put into three groups according to latitude

in view of the small number of observations available at any particular site.

Above 90 km, and at times below 90 km, it is apparent that the data are widely

distributed in both latitude and season. Such regions of uncertainty are indicated

in Tables 18 a and b by asterisks.
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4.2.4 TEMPERATURES AT 80°N

When the above temperature models were first prepared they were extended

to 80 0 N, but data from Thule (770N) and Heiss Is. (810N) showed significant

departures from these values. On account of possible longitudinal variations at

high latitudes, it was decided to exclude 800N values from the final model (they

can readily be obtained by extrapolation if needed) and to give a separate 800N

model based on these two stations (Table 22). From 25 to 50 km most of the data

were from Thule, and from 50 to 80 km all data were from Heiss Is. In general,

stratosphere and mesosphere temperaturtus at these sites are lower than the

extrapolated model in winter and higher in summer (by up to about 200K).

4.3 Pressure and Density dodels

4.3. 1 PRESSURE MODEL FOR 30 km

The number of high-level balloon flights has increase*l considerably in recent

years, and data from this source has been used to derive a new model for pressure

at 30 km. The sites selected are listed in Table 23. Ideally these should lie along

longitude 115 0 W to be central with the range of rocket-data longitudes (70-160 °W).

From monthly mean 10 mb pressure surface levels [187, 1881, the mean pressure

at 30 km was calculated for the first day of each month. Data were from the

years 1958 to 1968 (mostly after 1963) and were taken at 1200 GMT.

Figure 44 shows a plot of the pressures for 1 January and 1 July averaged

over all years for which data are available, the data points in brackets being

obtained from only two years of data. It is seen that at high latitudes in winter

(1) there is a ridge of high pressure (a cross-section of the Aleutian high), (2) pres-

sure decreases very rapidly polewards of this ridge, and (3) much greater varia-

tions of pressure occur than at lower latitudes or in the summer hemisphere.

4.3.2 SEASONAL MODELS

Pressure and density models have been calculated from the temperature

models and the 30 km pressure model as described in Appendix A:

Tables 24 a and b - Pressures (N/m2 ) 25-110 kin: below 60 kin, values are

based on data at longitudes 70-160 0 W.

Table 25 - Log (pressure) for .i0e values in Table 24b: the anr.ual

mean value and the monthly differences from this value.

Table 26 a and b - Densities (Kg/m3 ) 25-110 km: below 60 km, values are

based on data at longitudes 70-1600 W.

Tp.ble 27 - Log (density) for the values in Table 26b: the annual

mean value and the monthly differences from this value.
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Below 60 kin, the models are representative of the W. Hemisphere being

based on temperatures and 30-km pressures for 70-1600 W. Above 60 km, some

longitudinal dependence will still be present due to the integration involved in ob-

taining pressure and density from temperature, and to the fact that most tempera-

ture data are still from the W. Hemisphere. More data are needed to evaluate

longitudinal variations, bu: apart from the high-latitude winter region, they are

expected to be small. In view of thie high-latitude longitudinal variation in winter

over N. America the pressure and density models, like the temperature models,

apply to 1150 W longitude at high latitudes (60 and 700N).

4.3.3 DIURNAL VARIATIONS

Diurnal variations in pressure and density are expected to be present cor-

responding to those in temperature (Section 4.2.2). As in the case of temperature,

data were insufficient for a general analysis of the dependence on local time.

A diurnal bias may be present in the pressure and density models arising

partly from that in the temperature models which are biassed towards local noon

(at 50 km and below), and partly from that in the base-line pressure model (at

30 kin) which was developed from 1200 GMT balloon data (corresponding to local

times between 0400 and 0630 hours according to the longitude). However, diurnal

amplitudes are smaller at 30 km than at 40 and 50 kin, and the major bias in the

pressure and density models is expected to arise from that in the temperature

models at these heights and so be towards local noon conditions. In this respect,

the new models follow those of CIRA 1965, in the publication of which f II a com-

parison showed MRN pressures at 300 latitude to exceed grenade experiment

pressures (which are not generally biassed towards local noon) by 6 percent and

densities by 3 percent at 40 to 50 km. At low latitudes, where the seasonal

variation is relatively small, a formal analysis for diurnal harmoni; s has given

significant results shown in Figures 45 and 46.

4.3.4 COMPARISONS OF PRESSURE AND DENSITY DATA WITH

THE MODELS

4.3.4. 1 Introduction

Unlike the comnparisons of wind and temperature data with their respective

models (Sections 4. 1. 5 and 4. 2. 3), the comparisons of pressure and density data

with the pressure and densi.y models check different methods of normalization or

calibration. Densities obtained by falling spheres are dependent on the absolute

determination of drag coefficients, whereas grenade densities and pressures and

the models themselves are obtained by integration with respect to height from a

base level where these conditions are known. Results obtained directly by pres-

sure sensors involve certain calibration procedures.
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4. 3.4.2 Low-latitude Sites

At low latitudes seasonal variations are small, and examination of available

data as a function of local time has shown that a significant diurnal variation is

present at the greater heights. A diurnal variation in density at 90 km was pre-

viously reported f 189] using data from latitudes of less than 100. Data have now

been formally analysed for 24- and 12-hour components using the method of least

squares to determine A 0, AIV A t and t2 in the expression

p (orp) =A +A 1 cos 1(t - t )/12 + A2 cos "i(t - t2 )/6 (4)

The results obtained are given in Figures 45 and 46.

The increasing importance of diurnal variations with height is illustrated in

Figure 47 where pressure and density observations are plotted with the least-

squares curves of the form Eq. (4), except at 40 km where the harmonics were

not significantly determined and the mean value is plotted. The arrows on these

figures are from the models, being the mean of the 12 monthly values, and they

are seen to lie within the range of the diurnal variation. At 90 km, the mode]

means and the fitted curves cross close to 1000 hour and 1530 hour local time,

lending support to statements above that the diurnal distribution of data is ex-

pected to cause the models to be biassed towards local noon conditions. At 65 km.

the corresponding times are again close to noon.

In Figure 48 pressure and density data are plotted against date of observation,

after correcting the 65- and 90-km values for the diurnal variation. The cor-

rection was carried out by plotting the data points in these figures at displace-

ments from the model mean value equal to their displacements from the curves in

Figure 47. It is, therefore, no coincidence that the data points lie fairly sym-

metrically about the seasonal models at 65 and 90 km in Figure 48, but it is

significant that the data appear to follow the small semi-annual variation of the

models in certain cases. On the basis of the semi-annual variation shown by the

models, all data points were, therefore, corrected to I January and the analysis

for the 24- and 12-hour components using Eq. (4) was repeated to obtain the

results in Figures 45 and 46.

4. 3.4. 3 300 Latitude Sites

An earlier examination [ 189; of 90-km density data from rocket launchings

at Carnarvon (250S), Eglin (30 N), Woomera (31 S) and White Sands (32 N) failed

to reveal any systematic variation with local time. This is not to say that such a

variation is not present, but only that i. is not apparent with the rather uneven dis-

tribution of local times of launchings. Data at 40, 65 and 90 km from these and

other 30° latitude sites have, therefore, been plotted against date of observation

• " - I |i !- J • • ° -, j
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(with a 6-month change of date for S. Hemisphere sites) and compared with the
300N models. In plotting the data points, a correction was made for the departure

of launch sites from 300; such corrections were, however, quite small. The
comparisons are shown in Figure 49.

4. 3.4.4 37.50N Latitude Sites

Data from Wallops Is. (37.R0N) and Arenosillo, Spa'n (37. ION) are compared
in Figure 50 with the pressure and density models for 37. 5N latitude.

4.3.4.5 59°N and 7 l°N Latitudes

Fort Churchill observations are compared with the pressure and density

models for 590N in Figure 51, and Point Barrow observations are compared with

the 710N models in Figure 52. A large seasonal variation is present at these
latitudes; at 65 kin, for example, summer values exceed winter values by a
factor of more than two. At 90 km. however, a semi-annual component appears
in the deneity with a well-defined maximum in April and a small maximum in

September (Section 4. 3. 5).
Figures 51 and 52 show that winter data at Fort Churchill (94 0 W) are generally

lower than the model, whereas those at Point Barrow (157 0 W) exceed the model.

Longitudinal temperature variations are present in the stratosphere over high
N. American latitudes in winter (Section 2. 3), temperatures being higher to the
W. (towards the Aleutian high). In the mesosphere, pressures and densities can
also be expected to be higher to the W., while the model, which is based on 115 0 W
stratospheric temperatures, is intermediate to the two sites.

4.3.5 DENSITY MODEL AT 90 km

The seasonal variation of density at 90 km is shown in Figure 53 for a range
of latitudes, together with the variations at 80 and 100 km for comparison. At low

latitudes, variations with both season and latitude are small at all three levels;
but as latitude increases an annual variation develops at 80 km with higher

densities in summer than winter, whereas at 100 km an annual variation develops
with minimum densities in summer. At 90 km, these two variations are partially

self-cancelling, giving rise to a level of reduced density variation with the oc-

currence at most Jlatitudes of two maxima and two minima in the year. The varia-

tion of air density at 90 km has been examined by Cook [200J and the similarity
of phase with the well-known semi-annual variation at satellite heights pointed out.
The presence of semi-annual effects still remains one of the least understood

phenomena of upper atmosphere structure.
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Figure 5. Analysis Chart (30 mb) for 17 August 1969. Units: geopotential meters
and degrees Celsi's [90]
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Key to symbols:

o White Sands (32°N) 30 June-2 July 1965 1109]
V Carnarvon (250S) 10-11 May 1965 [ 1101
0 White Sands (32 0 N) 7-8 February 1964 [111, 112]
X Wallops Island (38 0 N) 8-10 September 1965 (temperature analysis) 11111
* Wallops Island (380 N) 8-10 September 1965 (wind analysis) [ 1111
-Theoretical(Johnson 1953) 11111

Theoretical (Lindzen 1967) 1104]
C' 8 Stations Balloon Data (observed) 1131
C' 8 Stations Balloon Data (computed from winds) 11131

Figure 23. Comparison of Diurnal Temperature Amplitudes [ 108]
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Jodrell Bank (53°N, 2°W): -(continuous line) 1953-1958 average [162].
Kazan (56°N, 49°E): *• March 1964-February.1965 [166].
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Palo Alto (37°N, 122°W); -I- May-September 1967 1 134].
Sheffield (53ON, 1°W): X August 1964-July 1965 1163].

Figure 40. Seasonal Variation of the Prevailing S-N Wind Component at Radar
Meteor Stations (95 km Altitude)
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Positive winds are to the east
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latitude. Data points are compared with the 719N curves from Tables 24b

and 26b
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Table 1. N. Hemisphere Wind Data Analysed - 25 to 60 km

No. of References (Square
Profiles Brackets) Followed

and Monthly by No. of

Station Latitude Longitude Means Launchings

Sites at 10 (±5) 0 N

Thumba* 80 32'N 760 52'E 25 (151 25

Kwajalein 80 441N 1670 44'E 37 f 15] 37

Fort Sherman* 90 20'N 790 591W 363 [15] 363

Eniwetok 110 26'N 1620 23'E 19 115] 19

Barbados* 130 061N 590 371W 18 115] 18

Guam 130 30'N 1450 001E 9 [16) 9

Sites at 20 (±5) 0N

Antigua 170 09'N 610 47'W 159 [15] 159

Johnston Is.* 180 0 'N 1700 00'W 5 191 4. [ 171 1

Grand Turk* 210 26'N 710 091W 239 [15] 239

Barking Sands 210 54'N 1590 35'W 443 [15] 430, [17] 8.

[18] 5

San Salvador* 240 04'N 740 31'W 14 [ 15] 14

Sites at 30 (±5) ON

N. America

Eleuthera* 250 16'N 7.60 19'W 1 [15] 1

Cape Kennedy 280 27'N 800 32'W 847 [15] 847
48+ [15] 48

Eglin 300 23'N 860 42'W 98 [15J 98

Kindley 320 2 I'N 64° 39'W 16 [15] 16

White Sands 32 23'N 1060 29'W 1052 [15] 1052
48+ [15] 48

Holloman 320 51'N 1060 061W 48 [15] 48

San Nicolas* 330 141N 1190 25'W 1 [15] 1

Point Mugu 340 07'N 1190 07'W 700 [15] 700
48+ 115] 48

Europe/W. Asia

Sonmiani* 25°0 I'N 660 441E 32 [19] 32

Others

Uchinoura* 310 15'N 131°0 05'E 19 [15] 19

Notes- New sites since the CIRA 1965 analysis
+ Monthly means
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Table 1. N. Hemisphere Wind Data Analysed - 25 to 30 km (Cont'd.)

No. of References (Square
Profiles Brackets) Followed

and Monthly by No. of
Station Latitude Longitude Means Launchings

Sites at 40 (±5) ON

Wallops Is. 370 50'N 750 29tW 488 f 15] 439, [201 23,
[21] 16, [22] 9,

[23] 1
48+ [15] 48

Tonopah 380 00'N 1160 30'W 90 115] 72, [241 16,
[17] 2

Grcen River* 380 56'N 1100 04'W 44 [15] 44

Europe/W. Asia

Arenosillo* 370 06'N 60 44'W 30 [ 15] 30

Sardinia* 400 00'N 100 00'E 90 125] 48, [26] 33,
[27] 9

Others

Akita 390 34'N 1400 04'E 6 128] 6

Sites at 50 (±5) 0 N

N. America

Primrose Lake* 540 45'N 1100 03'W 83 [15] 83

Europe/W. Asia

Volgograd* 480 411N 440 21'E 67 [29] 12, [30] 55

Aberporth* 520 08'N 40 341W 4 [31] 4

Sites at 60 (±5) ON

N. America

Fort Churchill 580 44'N 930 49'W 200 [15] 174, [32] 9,
[20J 5, [21] 7,
[23] 5

Fort Greely 640 00WN 1450 44'W 343 [ 15] 343
48+ [15] 48

EuropefW. Asia

W. Geirinish* 570 21'N 70 22'W 116 (15] 116

Sites at 70 (±5) ON

N. America

Point Barrow 710 21'N 1560 59'W 20 1151 8, [221 12

Notes: Ik New sites since the CIRA 1965 analysis
+ Monthly means
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Table 1. N. hemisphere Wind Data Analysed - 25 to 60 km (Cont'd.)

No. of References (Square
Profiles Brackets) Followee

and Monthly by No. of
Station Latitude Longitude Means Launchings

EurQpe/W. Asia

Kiruna* 670 53'N 210 061E 12 [33j 12

Sites at 80 (±5) ON

N. America

Thule* 760 33 t N 680 491W 260 [ 15] 260

Europe/ W. Asia

Heiss Is.* 800 37'N 58° 03'E 21 [15] 21

Notes: * New sites since the CIRA 1965 analysis
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Table 2. S. Hemisphere Wind Data Analysed - 25 to 60 km

No. of References (Square

Profiles Brackets) Followed
and Monthly by No. of

Station Latitude Longitude Means Launchings

Si'es at 0 to 5 °S

Gan* 0' 41'S 730 09'E 28 [34] 28

SLtes at 10 (±5) °S

Natal* 50 55'S 350 10'W 60 [351 16, [36] 16,
[37] 12. [22] 12.
[23] 3. [115 1

Ascension Is. 70 5P'S 140 25'W 347 [15] 343, [21] 4
24+ [ 15] 24

Sites at 20 (±5) 0S

Tartagal* 220 46'S 630 49'W 11 [15] 11

Sites at 30 (±5) 0S

Carnarvon* 250 00'S 114°0 0tE 12 138] 12

Chamical* 300 22'S 660 17'W 32 [35] 11, [36] 10,
[37] 8

Woomera 300 57'S 136° 31'E 89 [38) 52, [391 4,
[40] 6, [41] 7,
[42] 4, 143J 1,
[44] 5, [45J 2,
[46] 4, [47] 4

Sites at 40 (±5) 0S

Mar Chiquita* 370 45'S 570 25'W 17 137] 15, [15J 2

Sites at 80 (±5) OS

McMurdo Sound 770 53'S 1660 '14'E 28 [15] 28

Ship-board Launchings

USSR research Various latitudes and 4 seasonal [48] 4
vessels longitudes means based
A.I. Voeykov and on 200
iu. M. Shokalsky#' launchings

Notes: ý New sites since the CIRA 1965 analysis
+ Monthly means
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Table 3. Tempeiature Data A.%alysed - 20 to 60 km

No. of References (Square

Profiles Brackets) Followed
and Monthly by No. ofStation Latitude Longitude Means Launchings

Sites between 70
and 160 OW

Fort Sherman 90 20'N 790 59'W 176 [15] 176

Grand Turk 210 26'N 710 09'W 169 [15] 169

Barking Sands 210 54'N 1590 35'W 54 [15] 50, [18] 4

San Salvador 240 04'N 740 31'W 9 [15] 9

Cape Kennedy 28° 27'N 800 32'W 156 *[ 15] 156
48+ [15] 48

Eglin 300 23'N 860 42'W 7 [49] 4, [50] 1,
[51] 2

White Sands 320 23'N 1060 29'W 77 *[151 65, [52] 4,
(53] 4. [541 4

48+ [15] 48

San Nicolas 330 14'N 1190 25'W 1 *[ 15] 1

Point Mugu 340 07'N 1190 07'W 63 *[ 15] 63
48+ j 15] 48

Wallops Is. 370 50'N 750 29'W 137 [151 74, [20] 23,
121] 16, (55] 11,
[56] 13

48+ [15] 48

Primrose Lake 540 45'N 1100 03'W 1 [15] 1

Fort Churchill 580 44'N 930 49'W 259 [15J 207, [20] 5,
[21] 16, [50] 3,
[55] 11, [56] 11,
[ 57] 2, [58J 4

Fort Greely 640 00'N 1450 44'W 285 [15] 285
48+ [15] 48

Point Barrow 710 21'N 1560 591W 26 [151 6, [55] 11,
[56] 9

USNS Croatan Various latitudes 8 55] 8
and longitudes

Sites not between
70 and 160 0 W

Natal 50 55 IS 350 10'W 31 [22] 12, [35] 9,
[37) 1, [56] 9

Ascension Is. 70 59'S 140 25'W 264 *115) 254, [211 7,
[55] 2. [561 1

24+ [15) 24

Notes: 4 Only data between July 1964 and June 1966 were analysed
+ Monthly means
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Table 3. Temperature Data Analy;, ed - 20 to 60 km (Cont'd.)

No. of References (Square
Profiles Brackets) Followed

and Monthly by No. of
Station Latitude Longitude Means Launchings

Kwajalein 8 0 44'N 1670 44'1 20 *[15) 1, [59] 13,

[ 60] 6

Guam 130 30'N 1450 00'E 6 [21] 6

Antigua 170 09'N 610 471W 149 *1 151 149

Carnarvon 250 00'S 1140 00'•E 11 [38] 11

Sonmiani 25°0 11N 660 44•E 2 [61] 2

Chamical 300 22'S 660 17'W 8 [35] 6, [37] 2

Woomera 100 57'S 1360 311E 57 [381 30, [39] 2,
[40] 7, 141) 7,
[42] 4, [431 1,
[44] 5, [62] 1

Hammaguir 310 00'N 30 001W 4 [63] 1, [641 3

Uchinoura 310 15'N 1310 05'E 10 *[ 15] 10

Kindley 320 21'N 640 391W 4 *[ 15] 4

Akita 390 34'N 1400 04'E 6 [28] 6

Sardinia 400 00'N 100 00•E 11 [25] 6, [27] 3,
[65] 2

Volgograd 480 41'N 440 21'E 21 [29] 12, [661 9

West Geirinish 570 2 I'N 70 221W 99 [15] 99

Thule 76° 33'N 68° 49'W 219 [15] 219

Heiss Is. 800 37'N 580 03'E 36 *[15] 21, [661 12,

[67] 3

Notes: * Only data between July 1964 and June 1966 were analysed
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Table 4. Wind Data From Rocket and Gun-Probe Techniques - 60 to 130 km

No. of Profiles References (Square
Brackets) Followed

Chemical by No. of

Station Latitude Longitude Sensor Grenades Release Launchings

100 latitude
sites

Natal 5 0551S 350 10'W - 15 [22] 12, [23] 3

Ascension Is. 7 0 59'S 140 25'W 18 3 - [15] 18, [21] 3

Thumba 80 32'N 760 52'E - - 6 [ 131] 6

Guam 130 30'N 1450 00'E - 4 - [16] 4

Barbados 130 04'N 590 29'W - - 76 [15] 76

200 latitude
sites

Antigua 170 09'N 610 47'1W 4 - - [15] 4

Johnston Is. 180 00'N 170 00' W 17 - - [9] 16, [17] 1

Vega Baja 180 15'N 66° 30'W - - 3 [ 135] 3

Barking Sands 210 54'N 1590 35'1W 35 - 3 [15] 23, [17] 12,
18] 3

300 latitude
sites

Carnarvon 25 00'S 1140 00'E 11 - - [38] 11

Sonmiani 250 11'N 660 44'E 3 - 2 1 19] 3, 1136] 2

Reggan 126 0 42'N 00 00' - - 5 [137] 5

Cape Kennedy 280 27'N 800 32'W 20 - - 115] 20

Chamical 300 22'S 660 17'W - - 10 [138] 2, [1391 5,
[ 140] 3

Eglin 300 23'N 860 42'W 15 - 57 [15] 15, [135] 17,
[ 141] 19, [ 142] 12,
1143] 9

Woomera 300 57'S 1360 31'E 46 22 21 [38J 36, [39] 4,
[40] 2, [41] 5,
[42] 4, [43] 1,
[441 5, [45] 2,
[46J 4, [47] 4,
f 144] 2, [145] 4,
[ 146J 4

Hammaguir 310 00'N 30 001W - - 15 [ 137J 6, [147] 6,
1[148J 2, 1149J 1

Uchinoura 310 15'N 1310 05'E - - 2 [ 150] 2

White Sands 320 23'N 1060 29'W 169 - - [15] 1b9

Holloman 320 51'N 1060 06'W 4 - 3 [ 15] 4, [1511 3
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Table 4. Wind Data From Rocket and Gun-Probe Techniques - 60 to 130 km
(Cont'd.)

References (Square

SNo. of Profiles Brackets) Followed

Chemical by No. of
Station Latitude Longitude Sensor Grenades Release Launchings

Yuma 320 52'N 1140 19'W - 25 [15] 25

Point Mugu 340 07'N 1190 07'W 59 - [115] 59

400 latitude

sites

Arenosillo 370 061N 60 44'W 1* - - [152] 1

Wallops Is. 370 50'N 750 29 1W 27 58 34 [15] 27, [201 22,
[21] 16, [22] 9,
[551 11, [1381 34

Tonopah 380 00'N 1160 30'W 59 - - [15] 17, [9] 3,
[17J 1, [241 38

Green River 380 56'N 1100 04'W 8 - f 15) 8

Akita 390 34'N 140" 04'E - 1 - [28] 1

Sardinia 400 00'N 10° 00'E 11 - 8 [25] 3, [26] 8,
[ 138] 3, [ 153] 5

Ile du Levant 430 00'N 6 0 OOE' - - 2 [138] 2

600 latitude

sites

Aberporth 520 08'N 40 34'W 1 - - [31] 1
Fort Churchill 580 44'N 930 49'W 3 32 5 [15] 3, [20] 5,

[21] 7, [32] 9,
[551 11, (138] 5

Fort Greely 640 00'N 1450 44'W 27 - - [15] 27

Kiruna 670 53'N 210 06'E - - 4 [ 154] 4

Point Barrow 710 2 'N 1560 59'W - 22 - [55] 10, [22] 12

McMurdo
Sound 770 53'S 166 0 44'E - 151 3

Note: *Mean value 24-28 February 1970



109

Table 5. Wind Data From Ground-Based Techniques - 65 to 110 kmn

Altitude
Station Latitude Longitude (kmn) References

Ade)aide 350S 139 0 E 80-100 156. 157

Palo Alto 37 0 N 122 0 W 95 134

Kharkov 50 0 N 36 0 E 95 158, 159. 160

Saskatoon 52 0 N 1060 W 65-110 161

Jodrell Bank 53 N 20 W 95 162

Sheffield 530N l°W 95 163

Ktihlungsborn 54 0 N 12°E 95 1r4

Collm 51 0 N 13°E

Obninsk 55 0 N 36 E 95 160, 165

Kazan 56 0 N 49 3 E 80-100 166

Mawson e8 0 S 62 0 E 80-100 167
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Table 6. Temperature Data Analysed - 60 to 110 km

References (Square
Brackets) Followed

No. of by No. of
Station Latitude Longitude Profiles Launchings

USNS Croatan Various latitudes and 8 (55] 8

longitudes

Natal 50 551S 350 10'W 9 1 56] 9
Ascension Is. 7 0591S 140 25'W 9 [21] 6, [55] 2,

[56] 1
Kwajalein 80 44'N 1670 44'E 17 [59] 11, [60] 6

Guam 130 30'N 1450 00'E 5 [21] 5

Barking Sands 210 54'N 1590 35'W 5 [18] 4, [168] 1

Carnarvon 250 O0'S 1140 0D'E 11 [38] 11

Sonmiani 250 11'N 660 44'E 2 [61] 1, [169] 1

Eglin 300 23'N 860 42'W 12 [49] 4, [50] 1,
[51] 2, [169] 2.
[ 170] 3

Woomera 300 57'S 1360 31'E 52 [38] 27, [39] 2,
[40] 6, [41] 6.
[42] 4, [43] 1.
[44] 5, [621 1

'i ite Sands 320 23'N 1060 29'W 13 [52] 4, [53] 4.
[ 54j 5

allops Is. 370 50'N 750 29'W 66 [15] 3, [20] 23,
[21] 16, 155] 11,
156] 13

Akita 390 34'N 1400 04'E 2 [28] 2

Sardinia 400 00'N 100 00'E 2 165] 1, [169] 1

St. Santin 440 42'N 20 12'E 29* [171] 29

Volgograd 480 41'N 440 21'E 18 [29] 9, 166] 9

Fort Churchill 580 44'N 930 49'W 53 [20] 5, [21] 16,
[50] 3, 1551 11,
[56] 11, [571 2,
[58j 4, [1721 1

Point Barrow 710 21'N 1560 59'W 19 [55] 11, 156] 8

Heiss Is. 800 37'N 580 03'E 27 115] 12, [66] 12,
[67] 3

Note: * From Thomson radar scatter
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Table 7a. W-E Winds 25 to 60 km. Based on N. Hemisphere data
from all longitudes except for sites north of 25 0 N where, between mid-
September and mid-April, only data from N. America are included.
Winds to the east are positive in rn/s

LArITUDE ICECREES NI

KM 0 10 20 30 40 50 60 70 80

JADUARY 1

25 -17 -10 1 2 10 -22 35 21 25
30 -13 0 4 7 35 -17 26 46 10
35 -14 2 5 13 56 -6 23 58 -3
40 -20 -4 4 1i a5 15 26 56 -15
45 -35 -16 -3 26 e8 27 35 41 -25
50 -51 -1' -5 35 91 19 43 18 -30
55 -50 4 10 47 E7 5 40 -2 -23
60 -24 26 35 61 so 14 27 -9 -5

FFERUARY 1

25 -14 -5 -1 -2 13 17 14 11 21
30 -28 -12 -3 -1 18 30 10 44 7
35 -36 -17 -5 6 26 47 8 63 0
40 -41 -21 -9 19 37 71 9 66 2
45 -36 -17 -7 34 !1 S7 10 58 10
50 -15 0 2 47 66 ]11 9 44 15
55 9 22 10 55 77 122 7 31 10
60 23 29 2 62 E2 95 9 22 -1

MOPCI" 1

25 -30 -8 -1 5 3 1? 26 18 14
30 -36 -14 -3 12 13 17 20 12 8
35 -34 -15 -4 19 26 24 19 6 3
40 -20 -11 -6 26 42 35 24 -1 0
45 -3 3 -2 -2 !6 48 33 -10 -2
50 12 19 12 "2 to 57 41 -19 -3
55 22 26 30 52 t9 60 48 -20 -2
60 32 28 46 57 61 !5 62 -7 2

- IL I

25 -10 -13 -3 -1 13 7 16 -24 30
30 8 -19 -9 6 20 16 4 -1 26
35 20 -18 -10 12 26 25 -3 12 22
40 26 -10 -5 17 32 36 -6 14 18
45 28 5 5 22 36 51 -6 12 13
50 35 20 17 27 38 67 -8 9 8
55 44 34 3C 30 37 72 -12 6 7
60 47 44 41 23 34 60 -13 1 7

S...... . -.... - - -iiaiiai ilNIIIBEinn Il lgl i'
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Table 7a. W-E Winds 25 to 60 km (Contd.)

LATITUDE (CECREIES N)
KM 0 10 20 30 40 50 60 70 80

MAIV 1

25 -7 -15 -8 -5 -1 -6 -2 -3 -6
30 1 -13 -11 2 5 -5 -8 -8 -19
35 9 -10 -12 5 8 -7 -11 -11 -26
4C 17 -4 -1C 3 7 -13 -10 -12 -25
45 28 1 -7 0 4 -22 -9 -12 -25
50 3E 7 -1 - 4 -1 -24 -9 -14 -31
55 43 11 3 -6 -7 -18 -11 -18 -32
60 38 9 2 -8 -11 -5 -11 -20 -21

JUF 1

25 -21 -22 -20 -8 -3 -7 -8 -10 -7
3(3 -14 -21 -1E -8 -3 -12 -11 -8 -7
35 -7 -18 -18 -11 -6 -15 -14 -7 -5
40 -2 -11 -21 -17 -IC -18 -15 -6 0
45 1 -10 -27 -24 -16 -20 -17 -10 2
50 2 -15 -32 -31 -22 -24 -20 -20 -4
55 5 -14 -33 -39 -25 -26 -24 -32 -14
60 11 -7 -32 -47 -25 -23 -31 -39 -16

JUly 1

25 -24 -24 -21 -15 -9 -11 -• -• -5
30 -18 -26 -26 -17 -14 -15 -11 -11 -3
35 -15 -28 -31 -21 -21 -19 -15 -1'. -'4
40 -16 -30 -37 -2e -;S -21 -1q' -11, -d
45 -16 -30 -41 -27 -36 -27 -' -22 -13
SC -17 -26 -42 -46 -44 -41 -27 -1' -16
55 -9 -19 -34 -f2 -51 -t4 -14 -'1 -19
60 5 -10 -13 -•5 -59 -64 -", -3 -21

AUCLST 1

25 -22 -25 -27 -18 -11 -4 -b -3 -3
*31 -23 -2S -27 -22 -13 -d -7 -4 -4
35 -23 -29 -3C -27 -17 -1. -S -5 -5
40 -22 -26 -35 -?4 -23 -11 -11 -7 -5
45 -19 -18 -3S -,1 -30 -24 -15 -11 -7
5C -14 -1l -38 -. 6 -38 -24 -?1 -16 -11
55 -8 -12 -33 -,.6 -5C -;1 -33 -19 -14
60 -1 -11 -3C -38 -f3 -?7 -'-. -23 -16
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"Table 7a. W-E Winds 25 to 60 km (Contd.)

LATITUDE (DEGREES NI
KP 0 10 20 30 40 50 60 70 80

SEPTEMBER 1

25 -1 -23 -1s -14 -5 0 -1 -4 -4
30 -25 -21 -23 -14 -11 0 -4 -3 2
35 -35 -20 -23 -16 -16 -1 -5 -2 4
40 -2e -20 -21 -19 -20 -2 -4 1 4
45 -12 -19 -16 -23 -22 -I -2 4 1
50 3 -17 -7 -23 -22 -13 2 8 0
55 14 -12 7 -17 -20 -21 4 11 3
6C 24 -1 23 -8 -16 -24 3 9 6

fC1CRFR 1

25 -9 -19 -17 -4 3 -6 21 11 5
3f) -13 -18 -1-; -5 7 1 32 16 -2
35 -12 -13 -7 -3 11 10 39 21 0
4 -d -2 2 2 16 21 43 26 13
45 4 8 IC S 20 -1 44 29 27
50 22 11 14 16 19 4! 44 28 29
55 35 13 12 21 17 5C 37 21 26
61 43 17 5 2! 19 'i 19 7 18

25 17 -13 -12 c 10 i 11 11 22
30 16 -7 -1 9 21 7 10 13 25
35 17 2 S 19 32 14 13 13 25
4C 17 14 2C 2S 44 23 21 11 20
45 2i 25 27 39 ý8 33 31 8 16
5r) 32 30 34 49 74 45 36 6 17
55 39 3? 45 5E 63 56 29 6 24
60 39 34 !2 f2 E0 63 16 7 27

DECFeER 1

25 -2r -19 -IC 8 13 14 13 iC 5
30 -1 -9 -2 2ý 26 2P 4 15 2
35 -4 0 F 41 '1 36 7 -1 1
4C -e 11 22 5f 57 34 1J 17 2
45 -7 14 32 67 11 38 14 13 4
50 -16 6 3p 70 El 54 21 8 4
55 -ir 4 4S 64 E7 71 24 4 5
60 -9 it S3 54 E3 71 22 2 3

S. . . . . . . .I• ' • - I " I • I
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Table 7b. W-E Winds 25 to 60 km. Based on N. Hem.isphere data from
all longitudes except for sites north of 25 0 N where, between mid-
September and mid-April, only data from N. America are included.
Winds to the east are positive in m/s. Values apply to the first day of
each month

K91 JAN FEB MAR APR NAY JUh jUL AUG SEP OCT NOV CEC

0 DECREES N

25 -17 -14 -30 -10 -7 -21 -24 -22 -1 -9 17 -20
30 -13 -2C -36 8 1 -14 -If -23 -25 -13 16 -10
35 -14 -36 -34 20 9 -7 -1. -23 -35 -12 17 -4
40 -20 -41 -20 26 17 -2 -16 -22 -28 -8 17 -2
45 -35 -36' -3 28 28 1 -If -19 -12 4 23 -7
50 -51 -15 12 35 38 2 -17 -14 3 22 32 -16
55 -50 9 22 44 43 5 -5 -8 14 35 39 -14
60 -24 23 32 47 38 11 5 -1 24 40 39 -9

10 OEGREES N

25 -10 -S -8 -13 -15 -22 -24 -25 -23 -19 -13 -19
30 0 -12 -14 -19 -13 -21 -2f -29 -21 -18 -7 -9
35 2 -17 -15 -18 -10 -18 -2E -29 -20 -13 2 0
40 -4 -21 -11 -10 -4 -11 -30 -26 -20 -2 14 11
45 -16 -17 3 5 1 -10 -3C -18 -19 8 25 14
50 -17 0 19 20 7 -15 -26 -11 -17 11 30 6
55 4 22 26 34 11 -14 -1 -12 -12 13 32 4
60 26 29 28 44 9 -7 -1C -11 -1 17 34 11

20 DEGREES h

25 1 -1 -1 -3 -8 -20 -21 -27 -19 -17 -12 -10
30 4 -3 -3 -9 -11 -18 -26 -27 -23 -13 -1 -2
35 S -5 -4 -10 -12 -18 -31 -30 -23 -7 9 8
40 4 '-'3 -6 -5 -10 -21 -37 -35 -21 2 20 22
45 -3 -7 -2 5 -7 -27 -41 -39 -16 10 27 32
so -5 2 12 IT -1 -32 -42 -38 -7 14 34 39
55 10 10 30 30 3 -33 -34 -33 7 12 45 49
60 35 2 46 41 2 -32 -13 -30 23 5 52 53

30 DEGREES N

25 2 -2 S -1 -5 -8 -15 -18 -14 -4 0 8
30 7 -1 12 6 2 -e -11 -22 -14 -5 9 25
3S 13 6 19 12 5 -11 -21 -27 -16 -3 19 41
40 19 19 26 17 3 -17 -2f -34 -19 2 29 56
45 26 34 32 22 0 -24 -31 -41 -23 9 39 67
so 35 47 42 27 -4 -31 -46 -46 -23 16 49 70
55 47 55 52 30 -6 -39 -52 -46 -17 21 58 64
60 61 f;2 57 23 -8 -47 -55 -38 -8 23 62 54

VALUFS APPLY IC THE FIRST LAV OF EACH PChTH
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Table 7b. W-E Winds 25 to 60 km (Contd.)

KP JAN FEB MAR APR MAY JUh JUL AUG SEP OCT NOV DEC

40 DEGREES N

25 10 13 3 13 -1 -1 -S -11 -5 3 10 13
30 35 18 13 20 5 -3 -14 -13 -11 7 21 26
35 !6 26 26 26 8 -6 -21 -17 -16 11 32 41
40 15 37 42 32 7 -10 -25 -23 -20 16 44 57
45 e8 51 56 36 4 -16 -3f -30 -22 20 58 71
50 51 66 60 38 -1 -22 -44 -38 -22 19 74 81
55 El 17 59 37 -7 -25 -51 -50 -20 17 83 87
60 90 82 61 34 -11 -25 -59 -63 -16 19 80 83

50 DEGREES N

25 -22 17 13 7 -8 -7 -IC -4 0 -6 3 14
30 -17 30 17 16 -5 -12 -15 -8 0 1 7 28
35 -6 47 24 25 -7 -15 -IS -13 -1 10 14 36
40 15 71 35 36 -13 -la -21 -19 2 20 23 34
45 27 S7 48 51 -22 -20 -21 -24 -6 31 33 38
5C 19 119 57 67 -24 -24 -4C -24 -13 43 45 54
55 5 122 60 72 -18 -26 -54 -21 -21 50 56 71
60 14 535 55 60 -5 -23 -64 -27 -24 43 63 71

60 CEGREES N

2! 35 14 26 16 -2 -8 -E -6 -1 21 11 13
30 26 10 20 4 -8 -11 -11 -7 -4 32 10 8
35 23 8 19 -3 -11 -14 -15 -8 -5 39 13 7
40 26 9 24 -6 -10 -15 -18 -11 -4 43 21 10
45 35 10 33 -6 -9 -17 -23 -15 -2 44 31 14
50 43 9 41 -8 -9 -20 -21 -23 2 44 36 21
55 40 7 48 -12 -11 -24 -34 -33 4 37 29 24
60 27 9 62 -13 -11 -31 -46 -43 3 19 16 22

70 CEGFIES NV

25 21 11 18 -24 -3 -10 -S -3 -4 11 10 10
30 46 44 12 -1 -8 -8 -LI -4 -3 16 13 15
3• !8 63 6 12 -11 -1 -14 -5 -2 21 13 17
40 56 66 -1 14 -12 -6 -19 -7 1 26 11 17
45 41 58 -10 12 -12 -10 -22 -11 4 29 8 13
50 18 44 -19 9 -14 -2C -25 -16 8 28 6 8
55 -2 31 -20 6 -18 -32 -2f -19 11 21 6 4
60 -9 22 -7 1 -2C -38 -3f -23 9 7 7 2

80 CFGPFFS h

2t 25 21 14 30 -6 -7 -! -3 -4 5 22 5
30 10 7 8 26 -19 -7 -3 -4 2 -2 25 2
35 -3 0 3 22 -26 -5 -4 -5 4 0 25 1
40 -15 2 0 18 -25 0 -8 -5 4 13 20 2
45 -25 10 -2 13 -25 2 -13 -1 1 27 16 4
50 -30 15 -3 8 -11 -4 -It -11 0 29 17 4
55 -23 10 -2 7 -32 -14 -15 -14 3 26 24 5
60 -5 -1 2 7 -il -16 -2C -16 6 18 27 3

VALUFS APPLY TC THE FIRST [AN OF EACH PCPIF
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Table 8a. W-E Winds 25 to 60 km. Based on N. Hemisphere data from
all longitudes except for sites north of 25 0 N where, between mid-September
and mid-April, only data from Europe/W. Asia are included. Winds to
the east are positive in m/s

LATITUDE I£CEREES NI

KM 0 10 20 30 40 50 60 70 80

JAPUARY 1

25 -17 -10 1 6 26 24 49 -1 1C

30 -13 0 4 5 56 44 63 14 1
35 -14 2 5 4 77 62 70 27 -8
40 -20 -4 4 3 e8 80 68 39 -11
45 -35 -16 -3 4 s0 88 68 45 -11
50 -51 -17 -5 9 63 79 73 41 -9
55 -50 4 1O 21 77 44 71 30 -3
60 -24 26 35 42 82 60 56 20 7

FEIRUARY 1

25 -14 -5 -1 10 19 29 17 -21 8
30 -28 -12 -3 -3 35 41 21 -18 -7
35 -36 -17 -5 -8 47 52 28 -6 -11
40 -41 -21 -9 -5 S4 61 36 17 -2
45 -36 -17 -7 6 t3 71 47 42 14
s0 -15 0 2 24 77 E4 57 66 28
55 9 22 10 44 89 54 64 83 33
60 23 29 2 62 89 87 63 79 25

MAPCH 1

25 -30 -8 -1 7 13 12 14 8 4
30 -36 -14 -3 17 42 26 9 4 0
35 -34 -15 -4 25 63 37 8 -4 -5
40 -20 -11 -6 31 76 47 13 -14 -13
45 -3 3 -2 38 81 !3 17 -28 -22
50 12 19 12 50 le 55 19 -42 -26
55 22 26 30 f3 70 54 25 -42 -21
60 32 28 46 70 Fa 47 46 -22 -10

APPIL 1

25 -10 -13 -3 -4 14 is IC -25 29
30 8 -19 -9 6 24 1i L3 7 37
35 20 -18 -10 13 31 24 14 27 40
40 26 -10 -5 18 34 31 14 34 39
45 28 5 5 22 34 45 11 33 34
50 35 20 17 30 ?5 66 6 26 27
55 44 34 30 37 3? 76 0 22 21
60 47 44 41 ?5 35 e5 -2 12 14
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Table 8a. W-E Winds 25 to 60 kIn (Contd.)

LATITUDE (CECREES NI

KM 0 10 20 30 40 50 60 70 80

PAV 1

25 -7 -15 -8 -5 -1 -8 -2 -3 -6
30 1 -13 -11 2 5 -5 -8 -8 -19
35 9 -10 -12 5 8 -7 -11 -11 -26
40 17 -4 -10 3 7 -13 -10 -12 -25
45 28 1 -7 0 4 -22 -9 -12 -25
50 38 7 -1 -4 -1 -24 -9 -14 -31
55 43 11 3 -6 -7 -18 -11 -18 -32
60 38 9 2 -8 -11 -5 -11 -20 -21

JUtE 1

25 -21 -22 -20 -8 -3 -7 -8 -10 -7
30 -14 -21 -18 -8 -3 -12 -11 -8 -7
35 -7 -18 -18 -11 -6 -15 -14 -7 -5
40 -2 -11 -21 -17 -10 -18 -15 -6 0
45 1 -10 -27 -24 -16 -20 -17 -10 2
50 2 -15 -32 -31 -22 -24 -20 -20 -4
55 5 -14 -33 -39 -25 -26 -24 -32 -14
60 11 -7 -32 -47 -25 -23 -31 -38 -16

JurY 1

25 -24 -24 -21 -15 -9 -10 -8 -9 -5
30 -18 -26 -26 -17 -14 -15 -11 -11 -3
35 -15 -28 -31 -21 -21 -19 -15 -14 -4
40 -16 -30 -37 -28 -29 -21 -18 -19 -8
45 -18 -30 -41 -37 -36 -27 -23 -22 -13
50 -17 -26 -42 -46 -44 -40 -27 -25 -16
55 -9 -19 -34 -!2 -!1 -54 -34 -28 -19
60 5 -10 -13 -55 -59 -64 -46 -36 -20

AL-LS I1

25 -22 -25 -27 -18 -11 -4 -6 -3 -3
30 -23 -2S -27 -22 -13 -8 -7 -4 -4
35 -23 -29 -3C -27 -17 -13 -8 -5 -5
40 -22 -26 -35 -34 -23 -19 -11 -7 -5
45 -19 -18 -3S -41 -30 -24 -15 -11 -7
50 -14 -11 -38 -46 -38 -24 -23 -16 -11
55 -8 -12 -33 -46 -50 -21 -33 -19 -14
60 -i -11 -30 -38 -63 -27 -43 -23 -16
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Table Ba. W-E Winds 25 to 60 km (Contd.)

LATITUDE IDEEPEES h)
KP 0 10 20 30 40 50 60 70 80

SEPTEMBER 1

25 -1 -23 -19 -14 -5 0 -1 -4 -4
30 -25 -21 -23 -14 -11 0 -4 -3 2
35 -35 -20 -23 -16 -1e -1 -5 -2 4
40 -28 -20 -21 -19 -20 -2 -4 1 4
45 -12 -19 -16 -23 -22 -6 -2 4 1
50 3 -17 -7 -23 -22 -13 2 8 0
55 14 -12 7 -17 -20 -21 4 11 3
60 24 -1 23 -6 -16 -24 3 9 6

OCIOeER 1

25 -9 -19 -17 -6 2 2 10 2 -1
30 -13 -18 -13 -11 8 13 18 7 -7
35 -12 -13 -7 -12 12 19 26 14 -4
40 -8 -2 2 -9 16 21 34 22 13
45 4 8 10 -2 17 23 40 26 25
50 22 11 14 6 16 30 42 24 23
55 35 13 12 10 17 35 38 18 16
60 40 17 5 12 ;1 31 30 9 11

NOVEMBER 1

25 17 -13 -12 1 12 12 21 2 -5
30 16 -7 -1 2 33 23 23 9 2
35 17 2 9 6 48 34 30 10 1
40 17 14 20 14 57 44 41 5 -12
45 23 25 27 24 63 56 54 -2 -28
50 32 30 34 31 65 66 61 -5 -32
55 39 32 45 36 67 68 55 -2 -!8
60 39 34 !2 46 69 64 41 4 -2

DECEMBER 1

25 -20 -19 -10 10 18 33 15 -8 -30
30 -10 -9 -2 2 34 55 32 12 -27
35 -4 0 8 2 47 73 so 26 -26
40 -2 11 22 9 g8 E5 72 33 -27
45 -7 14 32 22 69 101 86 31 -29
50 -16 6 39 35 79 119 85 23 -30
55 -18 4 49 46 65 121 74 13 -25
60 -9 11 53 !3 83 89 56 9 -18
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Table 8b. W-E Winds 25 to 60 kmn. Based on N. Hemisphere data from all
longitudes except for sites north of 25 0 N where, between mid-September
and mid-April, only data from Europe/W. Asia are included. Winds to the
east are positive in m/s. Values apply to the first day of each month

KM JAN FEB MAR APR PAY JUN JUL AUG SEP OCT NOV DEC

0 DEGREES N

25 -17 -14 -30 -10 -T -21 -24 -22 -1 -9 1. -20
30 -13 -28 -36 8 1 -14 -1E -23 -25 -13 16 -10
35 -14 -36 -34 20 9 -7 -15 -23 -35 -12 17 -4
40 -20 -41 -20 26 17 -2 -16 -22 -28 -8 17 -2
45 -35 -36 -3 28 28 1 -1E -19 -12 4 23 -7
50 -51 -15 12 35 38 2 -11 -14 3 22 32 -16
55 -50 9 22 44 43 5 -S -8 14 35 39 -18
60 -24 23 32 47 38 11 5 -1 24 40 39 -9

10 DEGREES h

25 -10 -5 -8 -13 -15 -22 -24 -25 -23 -19 -13 -L 9

30 0 -12 -14 -19 -13 -21 -2f -29 -21 -18 -7 -9
35 2 -17 -15 -18 -10 -18 -2E -29 -20 -13 2 0
40 -4 -21 -11 -10 -4 -11 -3C -26 -20 -2 14 11
45 -16 -17 3 5 1 -10 -3C -18 -19 8 25 14
50 -17 0 19 20 7 -15 -2t -11 -17 11 30 6
55 4 22 26 34 11 -14 -1S -12 -12 13 32 4
60 26 29 28 44 9 -7 -IC -11 -1 17 34 11

20 DEGREES h

25 1 -1 -1 -3 -8 -20 -21 -27 -19 -17 -12 -10
30 4 -3 -3 -9 -11 -le -2f -27 -23 -13 -1 -2
3! 5 -5 -4 -10 -12 -18 -31 -30 -23 -7 9 8
40 4 -9 -6 -5 -10 -21 -31 -35 -21 2 20 22
45 -3 -7 -2 5 -7 -27 -41 -39 -16 10 27 32
50 -5 2 12 17 -1 -32 -42 -38 -7 14 34 39
55 10 10 30 30 3 -33 -34 -33 7 12 45 49
6C 35 2 46 41 2 -32 -1-7 -30 23 5 52 53

?0 DEGREES h

25 6 10 7 -4 -5 -8 -15 -18 -14 -6 1 IC
30 5 -3 17 6 2 -8 -1 -22 -14 -11 2 2
35 4 -8 25 13 5 -11 -21 -27 -16 -12 6 2
40 3 -5 31 18 3 -17 -2E -34 -19 -9 14 9
4! 4 6 38 22 0 -24 -3i -41 -23 -2 24 22
50 9 24 50 30 -4 -31 -4( -46 -23 6 31 35
55 ;1 44 63 37 -6 -39 -52 -46 -17 10 3e 46
60 42 62 70 35 -8 -47 -5! -38 -8 12 46 53

VALUES APFLY IC ThE FIRST LAY OF EACH PCIýI1-
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Table 8b. W-E Winds 25 to 60 km (Contd.)

KP JAN FEB MAR APR MAY JUN JUL AILG SEP OCT NOV DEC

40 DEGREF5 N

25 26 19 13 14 -1 -3 -S -11 -5 2 12 18
30 56 35 42 24 5 -3 -14 -13 -11 8 33 34
35 17 47 63 31 8 -6 -21 -17 -16 12 48 47
40 88 54 76 34 7 -IC -2S -23 -ZO 16 57 98
45 s0 63 81 34 4 -16 -36 -30 -22 17 63 69
so E3 77 78 35 -1 -22 -44 -38 -22 16 65 79
55 17 E9 70 37 -7 -25 -51 -50 -20 17 67 85
60 82 e9 58 35 -11 -25 -59 -t! -16 21 69 83

50 £EGREES N

25 24 29 12 18 -8 -7 -1c -4 0 2 12 33
30 44 41 26 19 -5 -12 -15 -8 0 13 23 55
35 f2 52 37 24 -7 -15 -1S -13 -1 i9 34 73
40 eO 61 47 31 -13 -16 -21 -19 -2 21 44 85
45 e8 71 53 45 -22 -20 -21 -24 -6 23 56 101
5C 79 84 55 66 -24 -24 -4C -24 -13 30 66 119
55 f4 S4 54 76 -18 -26 -54 -21 -21 35 68 121
60 60 E7 47 65 -5 -23 -64 -27 -24 31 64 89

60 CEGPFFS N

2S 49 17 14 10 -2 -8 -E -6 -1 10 21 15
30 03 21 9 13 -8 -11 -11 -7 -4 18 23 32
35 70 28 8 14 -11 -14 -15 -8 -5 26 30 50
40 68 36 13 14 -10 -15 -18 -11 -4 34 41 72
45 68 47 17 11 -9 -17 -23 -15 -2 40 54 86
50 13 57 19 6 -9 -20 -21 -23 2 42 61 85
55 11 f4 25 0 -11 -24 -34 -33 4 38 55 74
60 56 63 46 -2 -11 -31 -4t -43 3 30 41 56

70 CEGRFFS N

25 -1 -21 8 -25 -3 -10 -S -3 -4 2 k -8
30 14 -18 4 7 -8 -8 -11 -4 -3 7 9 12
35 27 -6 -4 27 -11 -7 -14 -5 -2 14 10 26
40 39 17 -14 34 -12 -6-15 -7 1 22 5 33
45 45 42 -28 33 -12 -10 -22 -11 4 26 -2 31
Sc 41 66 -42 28 -14 -20 -25 -16 8 24 -5 23
55 30 83 -42 22 -18 -32 -2f -19 11 18 -2 13
6C 20 79 -22 12 -20 -38 -36 -23 9 9 4 9

80 CEGREES N

25 15 8 4 29 -6 -7 -! -3 -4 -1 -5 -30
30 1 -7 0 37 -19 -7 -3 -4 2 -7 2 -27
35 -8 -11 -5 40 -26 -5 -4 -5 4 -4 1 -26
40 -11 -2 -13 39 -25 0 -E -5 4 13 -12 -27
45 -11 14 -22 34 -25 2 -13 -7 1 25 -28 -29
s0 -9 28 -26 27 -31 -4 -16 -11 0 23 -32 -30
55 -3 33 -21 21 -32 -14 -1S -14 3 16 -18 -25
60 7 25 -10 14 -2l -1i -2C -16 6 11 -Z -18

VAt.UFS APPLY T( THE FIRST LAY OF EACH PCAlH
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Table 9a. W-E Winds 25 to 60 kIa. Based on S. Hemisphere data from
all longitudes. Winds to the east are positive in m/s

LATITUDE 4CE(REES S)

KM 0 10 20 30 40 50 60 70 80

JAAUARV 1

25 -17 -18 - - -9 - - - 2
30 -13 -26 - - -26 ..- -1
35 -14 -36 - - -35 - -4
40 -20 -49 - - -38 -..-
4S -35 -59 -53 -35 -34 -27 -34 -27 -1050 -51 -53 -e4 -39 -32 -31 -39 -25 -15
5S -50 -30 -60 -46 -38 -41 -43 -27 -21
60 -24 -3 - - -55 - - - -25

FFERUARY I

25 -14 -17 - -16 3 - - - 2
30 -28 -29 - -22 9 - - - 135 -36 -38 - -29 10 - - - 0
40 -41 -46 - -38 6 - - - 1
45 -36 -44 -44 -45 -4 -8 -7 -7 2
50 -15 -20 -42 -48 -22 -14 -14 -9 1
55 9 -8 -36 -45 -42 -22 -25 -12 -1
60 23 7 - -37 -57 - - - 4

MARnCH 1

25 -30 -15 - -13 - - - - -2
30 -38 -33 - -16 - - - - -1
35 -34 -40 - -17 - - - - -3
40 -20 -37 - -16 - - - - -6
45 -3 -20 - -16 - - - - -8
50 12 0 - -17 - - - - -6
55 22 11 - -18 - - - - -2
60 32 18 - -13 - - - - 2

APRIL 1

25 -10 -18 - -6 - - - - -
30 8 -26 - -4 - - - - -
35 20 -22 - 0 - - - - -
40 26 -2 11 6 29 s0 51 28 -
45 28 21 17 11 3O 57 59 - -
50 35 34 21 14 29 64 52 - -
55 44 40 19 17 27 65 40 - -
60 47 36 10 23 -. . . .
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Table 9a. W-E Winds 25 to 60 km (Contd.)

LATITUDE 4DEGREES SI
KM 0 1t0 20 30 '.0 50 60 73 80

MAV I

25 -7 -18 - 0 - - - - 30
30 1 -8 - 6 - - - - 41
35 9 2 - 15 27 - - - 45
40 17 16 20 27 41 44 30 18 40
45 28 24 28 43 56 49 25 - -
50 38 25 31 59 70 52 25 - -
55 43 30 46 "2 80 48 19 - -
60 38 40 51 83 - - - - -

JU PE 1

25 -21 -16 - 8 37 - - - 11
30 -14 -7 - 12 2' - - - 11
35 -7 2 - 24 44 - - - -
4C -2 11 - 46 67 - - - -
45 1 16 - 71 s8 - - - -
50 2 20 - 91 123 - - - -
55 5 26 - s8 132 - - - -
60 11 31 - so 117 - - - -

JULY 1

25 -24 -17 - 21 63 - - - 32
30 -18 -5 - 13 46 - - - 29
35 -15 2 - 15 45 - - - 24
40 -16 2 -12 28 60 34 87 91 14
45 -18 -1 -12 52 89 72 C0 69 -
50 -17 -2 -1 14 116 88 90 36 -

55 -9 5 2C E7 124 - - - -

60 5 18 - 80 120 - - - -

AUCLST 1

25 -22 -13 - -3 9 - - - 31
30 -23 -5 - 4 35 - - - 24
35 -23 -2 - 16 t2 - - - 20
40 -22 -4 -e 31 54 80 45 35 19
45 -19 -8 -2 46 121 104 64 46 21
50 -14 -1.2 6 57 130 88 53 33 21
55 -8 -11 12 t3 119 - - -

60 -1 -8 - 61; 99 - - -
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Table 9a. W-E Winds 25 to 60 km (Contd.)

LATITUDE (CE•REES SI
KM 0 10 20 30 40 50 60 To 60

SEFTEMBER 1

25 -1 -22 - 19 12 - - - 26
30 -25 -11 - 17 13 - - - 32
35 -35 -5 - 19 23 - - - 35
40 -28 -3 - 26 40 - - - 33
45 -12 -3 - 34 e8 - - - 28
50 3 -4 - 40 98 - - - 18
55 14 -3 - 47 113 - - - 9
60 24 7 - 60 105 - - - 5

OCICBER 1

25 -9 -23 - -I 28 - - - 64
30 -13 -16 - -2 35 - - - 7 9
35 -12 -9 - 2 37 - - - 85!
40 -8 -2 -8 12 29 24 - 38 82
45 4 4 7 27 24 45 - 35 70
50 22 to 24 42 29 84 - 30 51
55 35 22 - 47 35 78 39 24 32
60 40 3t - 3e 33 . - - 16

NCV•EEO 1

25 17 -17 4 -11 6 - - - 23
30 16 -15 -8 -7 -5 - - - 12
35 17 -10 -11 -3 -10 - - - 4
40 17 -3 -6 1 -10 -21 - -1 0
45 23 2 3 4 -9 -25 - -4 -4
50 32 1 8 2 -10 -25 - -7 -7
55 39 -3 7 -2 -12 -18 -16 -11 -7
60 ?9 -7 2 -6 -13 - - - -2

DECEPEER 1

25 -20 -18 -17 -8 -10 - - - -3
30 -10 -10 -17 -9 -22 - - -5
35 -4 -8 -15 -- 13 -29 - - -5
40 -2 -11 -23 -;1 -22 - - -4
45 -7 -23 -30 -30 -30 -.- -5
50 -16 -38 -37 -38 -27 ..- -11
55 -18 -41 -40 -43 -25 - - -18
60 -9 -29 -40 -47 -26 - -. .21
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Table 9b. W-E Winds 25 to 60 km. Based on S. Hemisphere data from all
longitudes. Winds to the east are positive in m/s. Values apply to the first
day of each month

KN JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV OEC

0 CEGREES S

25 -17 -14 -30 -10 -7 -21 -24 -22 -1 -9 17 -20
30 -13 -28 -36 8 1 -14 -IE -23 -25 -13 16 -10
35 -14 -36 -3w 20 9 -7 -15 -23 -35 -12 17 -4
40 -20 -41 -20 26 17 -2 -1 -22 -28 -8 17' -2
45 -35 -36 -3 28 28 1 -l1 -19 -12 4 23 -7
50 -51 -15 12 35 38 2 -11 -14 3 22 32 -16
55 -50 9 22 44 43 5 -S -8 14 35 39 -18
60 -24 23 32 47 38 11 5 -1 24 40 39 -9

10 DEGREES S

2! -18 -17 -15 -18 -18 -16 -17 -13 -22 -23 -17 -18
30 -26 -29 -33 -26 -8 -7 -5 -5 -11 -16 -15 -10
35 -36 -38 -40 -22 2 2 2 -2 -5 -9 -10 -8
40 -49 -46 -37 -2 16 11 2 -4 -3 -2 -3 -11
45 -59 -44 -20 21 24 16 -1 -8 -3 4 2 -23
50 -53 -26 0 34 25 20 -2 -12 -4 10 1 -38
55 -30 -8 11 40 30 26 5 -11 -3 22 -3 -41
60 -, 7 18 36 40 31 18 -8 7 36 -7 -29

20 CEGREFS S

25 - - - - - - - - - - 4 -17
30 - - - - - - - - - - 8 -17
35 - - - - - - - - - - -11 -19
40 - - - 11 20 - -12 -6 - -8 -6 -23
45 -!3 -44 - 17 28 - -12 -2 - 7 3 -30
50 -t4 -42 - 21 37 - -1 6 - 24 A -37
5! -60 -36 - 19 46 - 2C 12 - - T -40
60 - - - 10 51 - - - - - 2 -40

30 DEGREES S

25 - -16 -13 -6 0 8 21 -3 19 -1 -11 -8
30 - -22 -16 -4 6 12 13 4 17 -2 -7 -9
35 - -29 -17 0 15 24 1! 16 19 2 -3 -13
40 - -38 -16 6 27- 46 2E 31 26 12 1 -21
45 -35 -45 -16 11 43 71 52 46 34 27 4 -30
5 -39 -48 -17 14 5S 91 74 51 40 42 2 -38
5! -46 -45 -18 17 72 98 el t3 47 47 -2 -43
6C - -37 -13 23 E3 9C 8C es 60 38 -6 -47

VALUES APPLY TC ThE FIRST (DY Of EACH PI041-
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Table 9b. W-E Winds 25 to 60 km (Contd.)

Kp JAh FEB MAR APR MAY JUh JUL AUG SEP OCT NOV DEC

40 DEGREES S

25 -9 3 - - - 37 6-1 9 12 28 6 -10
30 -26 9 - - - 34 46 35 13 35 -5 -22
35 -35 10 - - 27 44 4! 62 23 37 -10 -29
40 -38 6 - 29 41 67 60 54 40 29 -10 -32
45 -34 -4 - 30 56 98 85 121 68 24 -9 -30
50 -32 -22 - 29 70 123 116 130 98 29 -10 -27
55 -38 -42 - 27 80 132 124 119 113 35 -12 -25
60 -55 -57 - - - 117 120 99 105 33 -13 -26

50 DEGREES S

25 - - - - - - - - - - -
30 - - - -.. . . .
35 - - - -.. . . .
4c - - - 50 44 - 34 80 - 24 -21 -
45 -27 -8 - 57 49 - 7; 104 - 45 -25 -
50 --- 1 -14 - 64 52 - 8e 88 - 84 -25 -
55 -41 -22 - 65 48 .- - 78 -18 -
6C - - - - - -.

60 DEGREES S

25 - - - - - - - - - - -

30 - - - - - - - - - - -

35 - - - - - -.
40 - - - 51 30 - 87 45 - - - -
45 -34 -7 - 59 25 - 90 64 - - - -
50 -39 -14 - !2 25 - 9C !3 - - - -
5! -43 -25 - 40 19 - -. 39 -16 -
60 - - - - - - - - - - - -

70 DEGREES S

2! - - - - - - - - - -30 . . . . . . . . . . . .
35 - - - - - - - - - - -

40 - - - 28 18 - 91 35 - 38 -1 -
45 -27 -7 - - - - 6S 46 - 35 -4 -
50 -25 -9 . - - 34 33 - 30 -7 -
55 -27 -12 - .- 24 -II -
60 .- - - - - -

90 DEGREES S

2! 2 2 -2 - 30 11 32 31 26 64 23 -3
30 -1 1 -1 - 41 11 2S 24 32 79 12 -5
35 -4 0 -3 - 45 - 24 20 35 85 4 -5
40 -7 1 -6 - 40 - 14 19 33 82 0 -4
45 -10 2 -8 - - - - 21 28 70 -4 -5
50 -15 1 -6 - - - - 21 18 51 -7 -11
55 -21 -1 -2 - - - - - 9 32 -7 -18
60 -25 -4 2 - - - - - 5 16 -2 -21

VALUF25 APFLY TE TI-E FIRST (AY OF EACH PClTh
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Table 10a. W-E Winds 60 to 130 km. Based on data from all
longitudes with S. Hemisphere data shifted six monihs in time.
Winds to the east are positive in m/s

LATITUDE I(DECREES N)
0 10 20 30 40 50 60 70

JANUARY 1

60 -13 18 36 63 96 62 34 -8
65 16 34 50 76 105 68 32 1
70 26 30 5C 81 1C8 70 33 11
75 20 19 39 66 102 68 33 12
80 13 14 23 34 80 62 31 7
f5 7 11 9 12 54 47 26 3
90 -9 -14 -8 5 31 2F - -
95 -28 -39 -23 0 17 14 - -

100 -28 -40 -28 -8 7 8 - -

105 -7 -20 -18 -9 1 - - -
110 17 1 0 2 1 - - -
115 31 18 20 11 1 - - -
120 - - - 7 - - - -
125 .- 12 - - - -
130 ..- -33 - - - -

FFERUARY 1

60 13 2 13 66 80 53 3 19
65 21 5 1 73 82 19 15 5
70 9 -2 -12 66 83 9 28 -5
75 -L3 -14 -15 40 8O 17 36 -2
80 -24 -18 -12 10 70 22 28 14
E5 -32 -20 -15 -6 53 19 8 17
90 -31 -30 -29 -18 32 ;1 - -
95 -23 -41 -3a -19 15 21 - -
100 -3 -29 -16 5 14 8 - -
105 22 8 17 39 17 - - -
110 37 41 34 36 6 - - -
115 37 49 27 0 -18 - - -
120 - - - -27 - - - -
125 ..- -39 - - - -
130 ..- -50 - - - -

•A PCH1

60 23 13 46 60 64 50 62 -6
65 30 26 49 66 64 31 78 17
70 24 26 36 57 59 15 71 24
75 6 Vt) ; 25 !1 13 40 16
80 -12 -9 -13 -4 47 17 11 2
F5 -22 -i0 -19 -4 36 20 0 -6
90 -22 -36 -23 15 20 21 - -
S5 -13 -43 -34 17 17 19 - -

I00 7 -,;i -48 0 32 13 - -
10s5 26 7 -41 -8 20 - - -
110 30 27 -21 1 33 - - -
115 20 27 -7 12 -77 - - -
!;,0 - - - 10 - - - -
125 - - - - - -
110 . . ..- . ..-13.
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"Iable 10a. W-E Winds 60 to 130 km (Contd.)

LATITUDE IDEGREES tO

K" 0 10 20 30 40 50 60 70

APPiL 1

60 46 42 39 24 29 60 -7 7
65 40 36 28 13 25 40 4 -1
70 10 4 0 -1 22 31 10 0
"i5 -25 -33 -23 -7 15 24 6 2
80 -42 -46 -28 -3 8 10 -1 -2
85 -40 -45 -25 5 0 -6 -8 -7
90 -34 -54 -32 0 -6 -18 - -
95 -21 -52 -40 -16 -3 -20] - -

100 -3 -25 -36 -30 6 -3 - -
105 3 -3 -28 -31 12 - - -
110 -13 -20 -31 -26 3 - - -
115 -29 -44 -36 -22 -16 - - -
120 - - - -21 - - - -
125 ..- -15 - - - -
130 ..- -8 - - - -

MAV 1

60 15 -4 -3 -7 -8 -3 -8 -18
65 18 -12 -15 -14 -10 10 -1 -14
70 22 -11 -23 -20 -18 13 1 -9
75 20 -3 -17 -15 -25 3 -1 -2
80 10 5 3 9 -27 -11 -3 7
e5 -4 5 17 26 -23 -19 -5 11
90 -15 -5 16 29 -10 -18 - -
95 -22 -15 6 25 20 -6 - -

100 -22 -19 -2 18 57 27 - -
105 -11 -10 -3 4 73 - - -
110 10 9 5 -4 56 - - -
115 32 30 is -1 19 - - -
120 - - - -1 - - - -
125 . . . .- -12 - - - -
130 - -24 - - - -

JUbF 1

60 -1 -23 -36 -44 -25 -21 -30 -43
65 5 -10 -38 -48 -32 -15 -36 -42
70 7 -1 -32 -40 -43 -11 -36 -32
75 7 6 -12 -18 -46 -10 -37 -19
so 3 11 10 9 -30 -16 -41 -11
85 -8 6 17 24 -3 -23 -it5 -10
90 -23 -7 17 34 28 -13 - -
s5 -32 -8 21 42 54 12 - -

1r0 -29 1 22 40 eO 18 - -
105 -11 5 11 15 36 - - -
I10 14 3 2 -12 -7 - - -
115 33 13 8 -18 -43 - - -
12C - - 7 - - - -
125 .- 4 . . . .
130 .- 4 . . . .
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Table 10a. W-E Winds 60 to 130 km (Contd.)

LATITUDE (DEGREES P)
KM 0 10 20 30 40 50 60 70

JULY 1

60 -13 -6 -14 -55 -56 -!3 -46 -41
65 16 to 9 -57 -60 -e4 -57 -46
70 26 16 15 -48 -53 -43 -53 -28
75 20 16 15 -18 -31 -48 -35 1
80 13 10 21 22 2 -24 -16 19
85 7 10 25 37 24 -4 -5 14
go -9 0 12 22 34 8 - -
95 -28 -14 -6 1 43 18 - -

100 -28 -21 -12 -1 58 43 - -
105 -7 1 -3 0 65 - - -
110 17 22 7 0 49 - - -
115 31 30 12 -5 13 - - -
120 - - - -7 - - -
125 ..- -13 - - -
130 ..- -19 - - -

AUGLST 1

60 13 13 -23 -38 -59 -41 -38 -22
65 21 20 -12 -26 -64 -f3 -45 -32
70 9 6 -14 -12 -51 -70 -56 -39
75 -13 -18 -22 1 -29 -55 -59 -38
80 -28 -30 -18 7 -9 -23 -38 -18
E5 -32 -29 -8 9 2 7 7 3
s0 -31 -21 5 14 15 22 - -
S5 -23 -5 23 31 27 18 - -
100 -3 19 45 50 33 11 - -

105 22 36 55 f3 28 - - -
Io 37 40 46 52 16 - - -
115 37 32 26 26 -4 - - -
120 - - - -1 - - - -
125 ..- -17 - - - -
130 ..- -32 - - - -

SEFTEMBER 1

60 23 21 18 -6 -17 -19 -4 6
65 30 26 22 4 -13 -20 -12 -2
7C 24 22 2C 14 -9 -20 -18 -13
75 6 12 17 26 -1 -13 -21 -22
8n -12 3 17 38 17 4 -13 -16
E5 -22 0 17 38 30 22 6 6
90 -22 4 19 24 29 27 - -
95 -13 15 25 12 22 20 - -

100 7 28 29 6 19 12 - -
1M5 26 31 2C -6 9 - - -
110 ?0 19 -1 -28 -21 - - -
115 20 1 -19 -44 -55 - -

120 - - - -42 - - -
125 ..- -25 - - -
130 ..- -9 - - -
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Table 10a. W-E Winds 60 to 130 ki (Contd.)

LATITUDE (DECREES N)
KM 0 10 20 30 40 50 60 70

OCTOBER 1

60 46 41 15 25 29 43 16 6
65 40 34 1i 23 29 27 11 -4
70 10 8 16 22 18 13 9 -13
15 -25 -18 6 25 5 7 S -16
eO -42 -25 1 26 7 9 5 -11
85 -40 -12 8 25 18 13 8 -1
90 -34 3 22 27 24 8 - -
c -21 14 28 21 23 -2 - -
100 -3 15 15 -5 28 -5 - -
105 3 2 -11 -39 29 - - -
110 -13 -17 -27 -43 5 - - -
115 -29 -27 -25 -21 -39 - - -
120 - - - -5 - - - -
125 -.- -16 - - - -
130 ..- -32 - - - -

NOVEMBER 1

60 15 33 51 63 73 56 22 2
65 18 43 4.6 68 e5 58 29 9
70 22 52 36 f4 52 46 24 8
75 20 42 27 56 37 29 13 -1
80 10 20 20 45 26 22 7 -4
E5 -4 2 17 45 26 24 10 2
90 -15 -2 19 45 29 22 - -
95 -22 -5 18 38 20 7 - -

100 -22 -10 9 21 -4 -13 - -
105 -11 -10 -3 -2 -19 - - -
110 10 2 -8 -19 -15 - - -

I1s 32 19 -1 -30 -9 - - -

120 - - - -28 - - - -
125 ..- -17 - - - -
!t0 ..- -2 - - - -

DFI:EPBER 1

60 -1 23 51 68 e5 67 10 -7
65 5 19 41 el 70 54 13 -1
70 7 9 21 51 53 43 22 10
75 7 -3 0 42 47 38 25 15
eO 3 -12 -8 32 46 36 21 9
85 -8 -16 -6 23 40 31 14 0
90 -23 -22 -6 11 37 20 - -
95 -32 -36 -18 -3 37 10 - -

100 -29 -43 -32 -19 21 11 - -
105 -11 -21 -24 -25 17 - - -
110 14 20 5 -11 9 - - -
!11 33 41 31 16 4 - - -
120 - - - 34 - - - -
125 - - - 37 - - - -
130 - - - 38 - - - -
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Table 10b. W-E Winds 60 to 130 km. Based on data from all longitudes with
S. Hemisphere data shifted six months in time. Winds to the east are positive in
m/s. Values apply to the first day of each month

KPl JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

0 DEGREES N

6C -13 13 23 46 15 -1 -13 13 23 46 15 -1
6! 16 21 30 40 18 5 it 21 30 40 18 5
70 26 9 24 10 22 7 26 9 14 10 22 7
"75 20 -13 6 -25 20 7 20 -13 6 -25 20 7
80 13 -28 -12 -42 10 3 13 -28 -12 -42 10 3
85 7 -32 -22 -40 -4 -8 7 -32 -22 -40 -4 -8
90 -9 -31 -22 -34 -15 -23 -S -31 -22 -34 -15 -23
95 -28 -23 -13 -21 -22 -32 -28 -23 -13 -21 -22 -32

100 -28 -3 7 -3 -22 -29 -28 -3 7 -3 -22 -29
105 -7 22 26 3 -11 -11 -7 22 26 3 -11 -11
110 17 37 30 -13 10 14 17 37 30 -13 10 14
115 31 37 20 -29 32 33 31 37 20 -29 32 33

10 DEGREES h

60 18 2 13 42 -4 -23 -6 13 21 41 33 23
65 34 5 26 36 -12 -10 10 20 26 34 43 19
70 30 -2 26 4 -11 -1 16 6 22 8 52 9
"15 19 -14 10 -33 -3 6 16 -18 12 -18 42 -3
80 14 -18 -9 -46 5 11 10 -30 3 -25 20 -12
85 11 -20 -20 -45 5 6 10 -29 0 -12 2 -16
90 -14 -30 -36 -54 -5 -7 C -21 4 3 -2 -22
S5 -39 -41 -43 -52 -15 -8 -14 -5 15 14 -5 -36

100 -40 -29 -27 -25 -19 1 -21 15 28 15 -10 -43
105 -20 8 7 -3 -10 5 1 36 31 2 -10 -21
1to 1 41 27 -20 9 3 22 40 19 -17 2 20
115 18 49 27 -44 30 13 30 32 1 -27 19 41

20 DEGREES N

6C 31- 13 46 39 -3 -36 -14 -23 18 15 51 51
65 -0 1 49 28 -15 -38 S -12 22 19 46 41
7n !0 -12 36 0 -23 -32 15 -14 20 16 36 21
75 19 -- 15 9 -23 -17 -12 15 -22 17 6 27 0
(0 23 -12 -13 -28 3 10 21 -18 17 1 20 -8
E5 9 -15 -19 -25 17 17 25 -8 17 8 17 -6
90 -8 -29 -23 -32 16 17 12 5 19 22 19 -6
9S -23 -36 -34 -40 6 21 -6 23 25 28 18 -18

100 -28 -16 -48 -36 -2 22 -12 45 29 15 9 -32
105 -18 17 -41 -28 -3 11 -3 ss 20 -11 -3 -24
110 0 34 -21 -31 5 2 7 46 -L -27 -8 5
115 20 27 -7 -36 19 8 12 26 -19 -25 -1 31

30 DEGRFES N

60 f3 66 60 24 -7 -44 -S! -38 .6 25 63 68
65 76 73 66 13 -14 -48 -57 -26 4 23 68 61
70 181 66 57 -1 -20 -40 -48 -12 14 22 64 51
i5 66 40 25 -7 -15 -18 -1e 1 26 25 56 42
RC 34 10 -4 -3 9 9 22 7 38 26 45 32
8! 12 -6 -4 5 26 24 37 9 38 25 45 23

VALUE! APPLY TC THE FIRST CAY OF EACH POhT1f
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Table 10b. W-E Winds 60 to 130 km (Contd.)

KN JAN FEB MAR APR PAY JUN JUL AUG SEP OCT NOV DEC

90 5 -18 15 0 29 34 22 14 24, 27" 45 11
95 0 -19 17 -16 25 42 1 31 12 21 38 -3

100 -8 5 0 -30 18 40 -1 50 6 -5 21 -19
105 -9 39 -8 -31 4 15 C 63 -6 -39 -2 -25
110 2 36 1 -26 -4 -12 C !2 -28 -43 -19 -11
115 11 0 12 -22 -1 -18 -5 26 -44 -21 -30 16
120 7 -27 10 -21 -1 -7 -7 -i -42 -5 -28 34
125 -12 -39 -1 -15 -12 -4 -13 -17 -25 -16 -17 37
130 -33 -50 -13 -8 -24 -4 -1 -32 -9 -32 -2 38

40 OEGREES N

60 S6 80 64 29 -8 -25 -56 -59 -17 29 73 85
65 105 8-• 64 25 -10 -32 -60 -64 -13 29 65 70
7C 108 63 59 22 -18 -43 -!3 -51 -9 ., 52 53
i5 102 80 51 15 -25 -46 -31 -29 -1 5 37 47
80 eO 70 47 8 -27 -30 2 -9 17 7 26 46
85 5'4 53 36 0 -23 -3 24 2 30 18 26 40
90 31 32 20 -6 -10 28 34 15 29 24 29 37
95 17 15 17 -3 20 54 43 27 22 23 20 37

100 7 14 32 6 57 6C 58 33 19 28 -4 31
105 1 17 20 12 73 3t 65 28 9 29 -19 17
110 1 6 -33 3 56 -7 4S 16 -21 S -15 9
115 1 -18 -77 -16 19 -43 13 -4 -55 -39 -9 4

50 DEGREES N

60 62 53 50 60 -3 -21 -53 -41 -19 43 56 67
65 68 19 31 40 10 -15 -64 -03 -20 27 58 54
70 70 9 15 31 13 -11 -6! -70 -20 13 46 43
7S 68 17 13 24 3 -10 -4E -55 -13 7 29 38
80 62 22 17 10 -11 -16 -24 -23 4 9 22 36
F5 47 19 20 -6 -19 -23 -4 7 22 13 24 31
90 28 21 21 -18 -18 -13 f 22 27 8 22 20
95 14 21 19 -20 -6 12 18 18 20 -2 7 10

100 8 8 13 -3 27 18 43 11. 12 -5 -13 11

60 DEGREES N

60 34 3 62 -7 -8 -30 -4f -38 -4 16 22 10
65 32 15 78 4 -1 -36 -57 -45 -12 11 29 13
70 33 28 71 10 1 -36 -53 -56 -18 9 24 22
75 33 36 40 8 -1 -37 -35 -59 -21 5 13 25
80 31 28 11 -1 -3 -41 -16 -38 -13 S 7 21
85 26 8 0 -8 -5 -35 -5 7 6 8 10 14

70 OFGREES N

60 -8 19 -6 7 -18 -43 -41 -22 6 6 2 -7
65 1 5 17 -1 -14 -42 -46 -32 -2 -4 9 -1
70 11 -S 24 0 -9 -32 -26 -39 -13 -13 8 10
"75 12 -2 16 2 -2 -19 1 -38 -22 -16 -1 IS
80 7 14 2 -2 7 -11 IS -18 -16 -11 -4 9
f! 3 17 -6 -? 11 -10 14 3 6 -1 2 0

VALbES APPLY TC THE FIRST DAY OF EACH PCATI-
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Table 11. Amplitude A (m/s) of the QBO of the W-E Wind
(T = 32 months)

Height Latitude (0)
(km) 0 5 10 15 20 25 30 35

25 24.5 20.0 12.5 7.0 3.0 1.0 1.5 1.5

30 21.0 19.0 15.5 11.0 5.0 1.0 3.0 1.5

35 17.5 15.5 11.5 7.5 3.0 1.5 4.0 1.0

40 13.5 11.5 8.0 3.5 1.5 1.5 2.0 2.5

45 9.5 8.0 6.5 5.0 3.0 1.5 1.5 2.0

50 6.5 6.0 5.5 4.5 3.0 2.0 3.0 2.5

55 4.0 4.0 4.0 3.5 3.0 2.0 2.5 2.5

60 1.5 1.5 1.5 1.5 2.0 2.0 3.5 3.0

Table 12. Number of Months After 1 January 1966 Mo When Maximum
Flow From the West Occurs in the QBO of the W-E Wind (T = 32 Months)

Height Latitude (0)

(km) 0 5 10 15 20 25 30 35

25 9.5 9.5 9.5 10.0 11.0 12.5 17.5 24.5

30 4.0 4.0 4.5 5.5 7.5 12.0 17.0 24.0

35 -2.5 -2.5 -1.0 2.5 8.0 12.0 13.0 20.0

40 -7,5 -7.5 -6.5 -4.0 -1.0 4.0 6.5 4.5

45 -11.5 1-11.0 -9.0 -7.0 -4.5 -2.0 0.0 0.5

50 -15.5 -12.5 -9.0 -7.0 -5.0 -4.0 -3.5 -4.0

55 -19.0 -18.0 -A4.5 -10.5 -7.5 -5.5 -4.5 -4.0

60 -22.0 -20.0 -16.0 -12.0 -7.0 -4.0 -3.0 -5.0
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Table 18a. Temperatures (K) 25 to 110 kin

LATITUDE (DEGREES NJ
KM 0 10 20 30 40 50 60 70

JANUARY 1

25 218 219 217 219 219 220 215 207
30 231 232 230 229 225 222 216 208
35 247 246 243 238 233 226 218 213
40 258 257 258 256 248 238 229 222
45 265 266 269 268 263 251 242 236
50 271 272 274 212 268 259 254 250
55 270 269 268 264 261 257 254 252
60 257 254 252 251 249 249 248 244
65 234 232 233 234 237 238 239 232
70 211 211 211 216 222 229 229 222
75 200 201 201 204 212 219 220 214
80 197 198 196 198 204 211 213 211
85 193 194 192 194 200* 207* 211 211
90 185 185 186* 189* 199* 208* 214 214
95 187 187* 190* 195* 203* 210* 214* 216*

100 204 203* 204* 204* 206* 210* 214* 215*
105 231 232* 228* 222* 217* 215* 217* 215*
110 273 276* 271* 259* 248* 240* 235* 229*

FE6eUARY I

25 218 218 218 219 218 217 217 214
30 231 232 231 228 224 219 220 217
35 246 245 244 239 234 228 224 221
40 258 259 258 254 250 243 234 227
45 268 270 271 268 265 257 247 237
50 273 275 275 271 269 263 256 247
55 210 268 266 264 261 259 254 249
80 253 250 247 247 247 247 245 240
65 233 228 228 230 234 237 235 228
70 213 230 213 217 221 226 226 217
75 2U1 201 205 209 213 217 218 211
80 195 195 199 201 205 211 213 237
85 193 192* 192 195 200 205 209 208
90 193 191* 189 190 195 202 207 209
95 200* 197* 197 197 197 200* 206* 209*

I0U 219* 215* 213 210 207 206* 210* 214*
105 25L* 24a* 237* 230* 225* 224* 228* 230*
110 296* 290* 278* 266* 258* 259* 261* 261*

* TEMPLOATURE OATA LACKING (I.E. LESS THAN TWO DATA
POINTS wITHIN AdOUT OUP MONTH A30 10 GEG LATITUDe)

VALUt:!) FKUM 25-55KM ARE 8ASEO UN DATA AT LCNGITUDES 70-160 DEG W
ANJ UEP'NU ON LoNGITUDE AT HIGH LATITUOES IN WINTER. THE 60 ANO TO
dJzv N VALUES Alst BASFD ON FORT CHURCHILL (94 DEG W) AND FORT
u-.;zLV (14o oiAk n) AND AT 25-35KM ON RAOICSUNDE UATA FOR 115 01A W
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Table 18a. Temperatures (K) 25 to 110 kmn (Contd.)

LATITUDE (DEGREES NJ

KM 0 10 20 30 40 50 60 70

MARCH 1

25 219 221 219 220 219 217 218 221
30 231 232 231 230 224 221 222 226
35 245 247 245 240 236 232 231 231
40 260 261 259 254 251 248 243 237
45 271 272 271 266 264 262 255 247
50 275 274 273 269 268 267 261 255
55 268 266 263 26i 261 260 257 253
60 250 245 243 245 246 248 245 241
65 229 2.25 226 230 234 236 234 228
70 213 209 213 219 223 225 226 218
75 202 201 206 210 213 217 219 211*
80 197 196 200 202 203 206 211 207*
65 197 195 195 195 196 199 202 200*
90 198 193 190 189 191 192* 196* 199*
95 204* 199 195 195 196 197* 199* 205*

100 220* 214* 210 208 207 209* 215* 223*
105 255* 245* 236* 227 226 231* 245* 256*
110 306* 291* 275?* 265 263 274* 291* 303*

APRIL 1

25 220 221 222 222 222 222 223 221
30 233 233 235 232 229 229 228 222
35 248 249 Z47 244 242 243 237 229
40 262 262 260 256 256 258 252 243
45 273 272 271 269 269 270 266 259
50 275 274 273 271 272 272 271 267
55 267 265 264 263 263 265 262 261
60 248 246 246 247 249 249 24V* 247*
65 227 227 231 235 236 237 2374 234*
70 209 210 218 222 224 225 226* 224*
75 200 200 206 212 213 214 215* Ž13'
bO 199 199 201 203 201 199 202' 2G*0
85 202 200 199 197 191 186* 187* 18'*
90 200 197 194 190 185 179* 181* 183*
95 199* 193 190* 189* 191 191* 193* 197*
100 20ý' 201* 195* 196* 201 210* 2210 232*
105 239* 229* 220* 216* 218 237* 263* 285*
110 293* 278* 264* 2560 262 284* 317* 344*

*TENPERATURE DATA LACKING (I.E. LESS THAN TwO DATA
POINTS WITHIN ABOUT ONE MONTH AND 10 DEG LATITUDE)

VALUES FROM 25-55KM ARE BASED ON DATA AT LENGITUDES 70-160 DEG W
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Table 18a. Temperatures eK) 25 to 110 km (Contd.)

LATITUDE (DEGREES N)
KH 0 10 20 30 40 50 60 70

MAY 1

25 221 221 223 223 224 225 225 223
30 234 233 235 233 231 232 232 231
35 250 250 248 245 246 248 246 238
40 262 262 260 259 262 264 261 255
45 270 271 271 271 273 277 275 270
50 271 274 275 275 276 278 278 278
55 269 267 265 265 267 268 270 271
60 252 252 251 252 251 253 254 257*
65 227 231 236 237 237 237 238* 241*
70 206 211 218 220 220 221 224* 229*
75 199 200 203 204 204 205 209* 211*
80 202 199 197 194 190 186 188* 188*
85 203 198 196 189 179 170 168* 168*
90 193 194 192 185 172 161* 159* 162*
95 1874 187* 187* 187 184 180* 180* 184*

100 193* 191* 194S 197* 204 212* 223* 234
105 219* 215* 216* 220* 230 253* 279* 302*
110 269* 259* 255* 259* 274 304* 343* 373*

JUNE 1

25 220 220 223 225 225 225 228 229
30 234 234 234 234 233 2-34 238 239
35 249 249 246 246 247 250 251 249
40 259 260 259 259 262 266 266 264
45 268 269 270 272 275 277 279 278
50 272 273 275 275 276 279 282 283
55 269 268 267 267 269 273 275 278
60 255 256 253 252 252 256 259 264*
65 232 234 233 232 232 236 240 245*
70 208 211 213 213 212 214 2200 225*
75 199 199 201 198 195 195 199* 201*
80 201 196 194 190 181 175 173* 173*
85 199 195 192 184 170 156 151* 1Ac'
90 189 189 188 179 162 147 144* 145*
95 184* 186 189 189* 182 173 171* 173*

100 191* 193* 198* 206* 213 219 222* 226*
105 215* 214* 2210 232* 247 265 282* 295*
110 261* 253* 253* 264* 285 313 343* 366*

*TEMPERATURE DATA LACKING (I.E. LESS THAN TWO OATA
POINTS WITHIN ABOUT ONE MONTH ANU 10 UEG LATITUDE)

VALUES FROM 25-55KM ARE dASED ON DATA AT LCNGITUDES 70-160 DEG W
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Table 18a. Temperatures (K) 25 to 110 kmn (Contd.)

LATITUDE (DEGREES NJ
KM 0 10 20 30 40 50 60 70

JULY I

25 218 220 222 224 224 227 230 231
30 231 233 233 232 235 238 239 238
35 247 245 244 244 246 250 252 251
40 25d 256 256 257 259 264 267 2&6
45 265 265 268 268 271 274 278 279
50 271 271 273 272 274 276 281 285
55 270 269 267 266 267 270 276 281
60 25? 257 253 250 251 256 262 267
65 234 234 230 226 229 234 241 246
70 211 211 209 207 207 211 217 222
75 200 200 200 197 191 189 191 194
80 197 196 195 189 178 168 165 164
85 193 194 191 183 167 153 144 140*
90 1d5 186 186 179 167 153 145 141*
95 167 189 193 195 192 184 174* 168*

100 204 204 206 214 222 221 216* 212*
105 231 229 229 231 246 255 258* 260*
110 273 265 260 265 276 293 306* 314*

AUGUST 1

25 218 219 221 223 225 229 229 227
30 231 233 230 232 234 238 237 234
35 246 244 243 242 246 249 249 245
40 258 255 253 254 259 261 262 2ý0
45 268 265 267 267 269 271 274 274
50 273 212 271 271 271 274 277 279
55 270 268 266 264 263 266 272 275
60 253 257 254 250 248 250 257 263
65 233 236 235 230 225 229 237 245
70 211 218 217 212 208 210 215 221
75 2Ol 205 207 203 196 191 190 194
dO 195 199 201 196 103 172 165 167
85 193 196 196 188 174 161 151 148
90 193 194 191 187 16o 170 159 150
95 200* 199 197 197 199 194 181 170*

100 219* 216* 211* 20d 212 211* 203* 193*
105 251* 247* 236* 226 225* 224* 220* 213*
110 296* 291* 276* 263 256* 254* 250* 241*

* TEMPFRATURL DATA LACKING (l.L. Lt5S THAN TWO JATA
PUINTS WITHIN Ad.UT OMN MUNTH ANO 10 Itb LATITUOF)

VALUzS i-HOM d5-55KM AkL JASLD UN UAIA AT LLN6ITUdES 70-160 DEG W
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Table 18a. Temperatures eK) 25 to 110 km (Contd.)

LATITUDE (DEGPEES N)

KH 0 10 20 30 40 50 60 70

$LPTEMBER 1

25 2i9 220 222 224 225 225 226 224
30 2JI 232 233 231 233 234 233 229
35 245 244 243 241 242 245 244 239
40 2b0 258 256 254 256 257 256 252
45 271 269 268 265 267 268 268 266
50 275 273 272 270 270 271 271 272
55 268 269 265 262 259 260 264 267
60 250 254 257 250 241 242 250 256
65 229 238 242 234 224 223 232 240
70 213 221 225 218 209 201 214 220
75 2u2 208 211 206 198 194 195 201
80 197 200 202 198 190 182 180 184
85 197 199 198 192 185 177 172 173*
90 198 199 197 193 191 185 177 173*
95 204* 207* 206* 205 203 196* 188* 179*

100 220* 225* 222* 216 211 204* 195* 184*
105 255* 257* 248* 236* 226* 216* 202* 187*
ILO 306* 307* 294* 278* 261* 244* 223* 198*

deCUdER I

Z5 220 221 223 223 221 220 220 221
30 2.1 233 232 230 228 224 225 225
_i 248 246 243 241 238 235 234 232
40 261 260 257 252 251 249 245 244
45 273 271 269 265 263 261 259 257
50 215 274 273 271 269 265 265 265
!5 2b7 267 266 262 258 255 256 258
60 248 251 254 241 241 240 246 246
05 227 233 240 23o 224 222 231 233
70 209 216 223 219 210 210 218 219
15 200 206 210 207 203 202 207 209
dO 199 202 202 200 197 196 198 203
b5 201 203 200 195 194 193 194 197*
90 2lU 200 198 195 197 198 197 196*
95 199* 203* 206* 205 202 201 199 195*
I1O 209* 217* 222* 221 217 209 201 193*
lu5 239* 147* 250* 249* 241 228* 209* 192*
110 293* 30L* 299* 290* 276* 256* 227* 199*

* TEMPERAPJRL DATA LACKING (I.E. LESS THAN TWO DATA
PUINTS WITHIN ABeUT ONE MuNTH ANO 10 DEG LATITUDE)

VALUES FkUM 2i-55KM ARE bASED ON DATA AT LCNGITUDES 70-160 DEG W
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Table 18a. Temperatures ("K) 25 to 110 km (Contd.)

LATITUDE (DEGREES NJ

KM 0 10 20 30 40 50 60 70

NOVEMBER 1

25 221 221 2Z2 220 219 210 216 215
30 234 234 232 228 224 220 218 220
35 250 247 243 238 233 226 224 225
40 262 260 257 253 246 239 235 235
45 270 270 269 266 261 252 248 251
50 274 214 273 211 266 258 258 263
55 269 269 269 264 259 255 255 256
60 252 252 253 249 244 243 245 244
65 227 229 234 233 229 230 235 231
70 206 209 215 216 216 220 225 220
75 199 202 205 206 206 212 218 215
80 202 203 201 199 201 207 211 214
85 203 203 199 196 1Q9 203 209 213*
90 193 192 191 194 200 207 211* 212*
95 187* 191 196 222 208 214 215* 212*
100 193* 200 210 219 222 220* 215* 209*
105 219* 227* 239* 245* 241* 231* 217* 206*
110 269* 282* 286* 284* 272* 253* 231* 212*

QrCtNBER 1

25 220 221 222 219 217 221 216 210
30 234 234 229 229 224 221 216 211
35 249 248 243 240 234 225 219 218
40 259 259 257 255 248 236 228 227
45 26d 267 270 268 263 248 242 243
•0 272 272 273 211 266 257 254 258
55 269 268 267 265 261 255 253 256
60 255 255 254 252 248 247 247 245
65 232 230 233 236 235 238 240 233
70 208 208 211 216 222 228 231 224
75 199 206 202 204 212 218 222 217
80 201 201 198 198 204 211 214 214
85 199 200 198 197 201 207 213 214
90 189 188 189 194 203 213 211 211
95 184* 184 187 196 207* 219* :22 219*
100 191* 193 197* 2040 212' 2?5* 221 217*
105 215* 220* 225* 225* 222* 219* 215* 211*
110 261* 270* 271* 263* 250* 238* 227* 216*

* TlMPkRATUR: VATA LACKING (I.E. LESS THAN TWO DATA
POINTS wITHIN ABOUT ONE MONTH AND 10 DEG LATITUDE)

VALUES FKON 25-55KM ARE BASED ON DATA AT LCNGITUDES 70-160 DEG W
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Table 18b. Temperatures (oK) 25 to 110 km

KM JAN FI58 MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

0 QCGREES N

25 218 218 219 220 221 220 218 218 219 220 221 220
30 231 231 231 233 234 234 231 231 231 233 234 234
35 247 246 245 248 250 249 247 246 245 248 250 249
4%) 258 258 260 262 262 259 258 258 260 262 262 259
45 265 268 271 273 270 268 265 268 271 273 270 268
50 271 273 275 275 274 272 271 273 275 275 274 272
55 270 270 268 267 269 269 270 270 2"8 267 269 269
60 257 253 250 248 252 255 257 253 250 248 252 255
6J 234 233 229 227 227 232 234 233 229 227 227 232
70 211 213 213 209 206 208 211 213 213 209 206 208
is 200 201 202 200 199 199 200 201 202 200 199 199
60 197 195 197 199 202 201 197" 195 197 199 202 201
85 193 193 197 202 203 199 193 193 197 202 203 199
90 185 193 198 200 193 189 185i 193 198 200 193 189
95 187 dO0* 20,* 199* 187* 184* 187 200* 204* 199* 187* 184*
Loa 204 219* 220* 209* 193* 191* 204 219* 220* 209* 193* 191*
L05 231 251* 255* 239* 219* 215* 231 251* 255* 239* 219* 215*
110 273 296* 306* 293* 269* 261* 273 296* 306* 293* 269* 261*

10 OEGREES N

25 219 218 221 221 Z21 ZZO 220 219 220 221 221 221
30 232 232 232 233 233 234 233 233 232 233 234 234
35 246 245 247 249 250 249 245 244 244 246 247 248
40 257 259 261 262 262 260 256 255 258 260 260 259
45 266 270 272 272 271 269 265 265 269 271 270 267
5s 272 275 274 274 274 273 271 272 273 274 274 272
55 269 268 266 265 267 268 269 268 269 267 269 268
60 254 250 245 246 252 256 257 257 254 251 252 255
6ýo 232 228 Z25 227 231 234 234 236 238 233 229 230
70 211 210 209 210 211 211 211 218 221 216 209 208
Is 201 2U1 201 200 200 199 200 205 208 206 202 200
dO 198 195 196 199 159 196 196 199 200 202 203 201
d5 194 192* 195 200 198 195 194 196 199 203 203 200
90 185 191* 193 197 194 189 186 194 199 200 192 188
9i 187* 197* 199 193 187* 186 18S 199 207* 203* 191 184

100 203* 2150 214* 201* 191* 193* 204 216* 225* 217* 200 193
105 232* 24* 245* 229* 215* 214* 229 247* 257* 247* 227* 220*
110 276* 290* 291* 278* 259* 253* 265 291' 307* 301* 282* 270*

* TeIMPERATURE DATA LACKING (I.E. LESS THAN TWO OATA
POINTS WITH.IN ABOUT ONE MONTH AND 10 DEG LATITUDE)

VALUES FROM 25-55KM ARE BASED ON DATA AT LONGITUDES 70-160 DEG W
VALUES APPLY TO THE FIRST DAY OF EACH MONTH
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Table 18b. Temperatures (OK) 25 to 110 km (Contd.)

KM JAN FES MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

20 DUGREES N

25 217 218 219 222 223 223 222 221 222 223 222 222
30 230 231 23L 235 235 234 233 230 233 232 232 229
35 243 244 245 247 248 246 244 243 243 243 243 243
40 258 258 259 260 260 259 256 253 256 257 257 257
45 269 271 271 271 271 270 268 267 2" 269 269 270
50 274 275 273 273 275 275 273 271 272 273 273 273
5i 268 266 263 264 265 267 267 266 265 266 269 267
o 252 247 243 246 251 253 253 254 257 254 253 254
6J 233 228 226 231 236 k33 230 235 242 240 234 233
70 211 213 213 218 218 213 209 217 225 223 215 211
15 201 205 206 206 203 201 200 207 211 210 205 202
dO 196 199 200 201 197 194 195 201 202 202 '01 198
8.5 192 192 195 199 196 192 191 196 198 200 199 198
90 186* 189 190 194 192 188 186 191 197 198 191 189
9i 190* 197 195 190* 187* 189 193 197 206* 206* 196 187

Lo1 204* 21- 210 195* 194* 198* 206 211* 222* 222* 210 197*
105 228* 237* 236* 220* 216* 221* 229 236* 248* 250* 239* 225*
110 271* 278* 275* 264* 255* 253* 260 276* 294* 299* 286* 271*

30 JEGRtS N

2 219 219 220 222 223 225 224 223 224 223 220 219
30 229 228 230 232 233 234 232 232 231 230 228 229
35 238 219 240 244 245 246 244 242 241 241 238 240
40 256 254 254 256 259 259 257 254 254 252 253 255
45 268 268 266 269 271 272 268 267 265 265 266 268
50 272 271 269 271 275 275 272 271 270 271 271 271
55 264 264 261 263 265 267 266 264 262 262 264 265
60 251 247 Z45 247 252 252 250 250 250 247 249 252
b- 234 230 230 235 237 232 226 230 234 236 233 236
70 216 217 219 222 220 213 207 212 218 219 216 216
15 204 209 210 212 204 198 197 203 7.36 207 206 204

1o L98 201 202 203 194 190 189 196 198 200 1)9 198
82 194 195 195 197 189 184 183 188 192 195 196 197
90 189* 190 189 190 185 179 179 187 193 195 194 194
9v 195* 117 195 189* 187 189* 195 197 205 Z05 202 196

101 204* 210 208 196* 197* 206* 214 208 216 221 219 204*
10 222* 230* 221 Z16* 220* 232* 237 226 236* 249* 245* 225*
110 259* 2o6* 26h 25a* 259* 264* 265 263 278* 290* 284* 263*

* EMPERATURE OATA LACKING (I.E. LESS THAN TWO DATA
PUINTS ovLTHIN At38UI UN; MONTH ANU LO CFG LATITUDE)

dALUFS FROM 25-55KA ARE BASED ON DATA AT LENGITUj5S 70-160 D.G W
VALOES APPLY Tu THI FIRST DAY OF EACH MONI-
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Table 18b. Temperatures (OK) 25 to 110 km (Contd.)

KM JAN FE MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

40 OE60i.S N

2i 219 218 219 222 224 225 224 225 225 221 219 217
30 225 224 244 229 231 233 235 234 233 228 224 224
3J 233 234 23b 242 246 247 246 246 242 238 233 234
40 248 250 251 256 262 262 259 259 256 251 246 248
45 263 265 264 269 273 275 27L 269 267 263 261 263
.• 268 269 268 Z72 276 216 274 271 270 269 266 266
5: 261 261 261 263 267 269 267 263 259 258 259 261
o0 249 247 246 249 251 252 251 248 241 241 244 248
65 237 234 234 236 237 232 229 225 224 224 229 235
70 222 221 223 224 220 212 207 208 209 210 216 222
7J 212 213 213 213 204 195 191 196 198 203 206 212
do 204 20i 203 201 190 181 178 183 190 197 201 204
8, 200* 200 196 191 179 170 167 174 185 194 199 201
90 199* 195 19L 185 172 162 167 180 191 197 200 203
95 203* 197 196 191 184 182 192 199 203 202 208 207*
1OO 206* 207 201 201 204 213 222 212 211 211 222 212*
LO 217* 225* 226 218 230 247 246 225* 226* 241 241* 2221,
110 248* 258* 263 262 274 285 276 256* 261* 216* 272* 250A

50 •JcG~cE- N

dj 220 217 217 222 225 225 227 229 225 Z20 218 221
30 222 219 221 229 232 234 238 238 234 224 220 221
35 226 22e 232 243 248 250 250 249 245 235 226 225
40 238 2".3 248 258 264 266 264 261 257 249 239 236
45 251 257 262 270 277 277 274 k71 268 261 252 248
50 259 261 267 272 278 279 276 274 271 265 258 257
t15 257 2--9 260 265 268 273 270 266 260 255 25i 255
b0 249 247 248 249 253 256 256 250 242 240 Z43 247
ws 238 237 234 237 237 23b Z34. 229 223 222 230 236
i0 229 226 22• 225 221 214 211 210 207 210 220 228
I7 219 217 217 214 205 195 189 191 194 202 212 213
80 211 Z11 206 199 I16 175 16d 172 182 196 207 211
65 207* 205 199 16* 170 156 153 161 177 193 203 201
li 208* Z02 192* 179* 161* 147 153 170 185 198 2U7 21.3
9:p 210* 200* 197* 191* 1•0* 173 184 194 19o* 201 Z14 219*

Luj 210* Zu* 209* 210* 212* 219 221 211* 204* 209 220* 220*
I'J3 215* 224* 231* 237* 253* 265 255 224* 216* Z28* 231* 219*
110 240* 2ý9* 214* 284* 304* 3-13 z9ji 254* 244* 2:6* 253* 238*

STEMPERATU-- UATA LACKING (I.!. L,.cS THAN TWO OATA
PUINFS 1INHIN AbuUT Uhf- MONTH ANu. 10 DE-G LATIrJUz:)

VAALJP-S FRUM 25-55KM AR. 6ASEU ON UATA AT LCN%,ITUL)ES IU-160 J'.G
VALUkS APPLY To TH:. FIRST LAY UF '-ACH MONTHI
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Table 18b. Temperatures (OK) 25 to 110 km (Contd.)

Ki JAN FEB MAR APR NAY JUN JUL AUG SEP OCT NOV DEC

60 &EuEES N

25 215 217 218 223 225 228 230 229 226 220 216 216
30 216 220 222 228 232 238 239 237 233 225 218 216
35 218 224 231 237 246 251 252 249 244 234 224 219
40 229 234 243 252 261 266 267 262 256 245 235 228
4J 242 247 255 266 275 279 278 274 268 259 248 242
io 254 256 261 271 978 282 281 277 271 265 258 254
55 254 254 257 262 270 275 276 272 264 256 255 253
60 248 245 245 249* 254 259 262 257 250 246 245 247
65 239 235 234 237* 238* 240 241 237 232 231 235 240
70 229 226 226 226* 224* 220* 217 215 214 218 225 231
7, 220 218 219 215* 2090 199* 191 190 195 207 218 222
ad 213 213 211 202* 188* 173* 165 165 180 198 211 214
bi 211 209 202 187* 168* 151* 144 151 172 194 209 213
90 214 207 196* 181* 159* 144* 145 159 177 197 211* 217
95 214* 206* 199* 193* 180* 171* 174* 181 188* 199 215* 222

10i 214* 210* 215* 221* 223* 222* 216* 203* 195* 201 215* 221
135 217* 22d* 245* 263* 279* 282* 25d* 220* 202* 209* 217* 215*
110 235* 261* 291* 317* 343* 343* 306* 250* 223* 227* 231* 227*

70 0iGREES N

2J 207 214 221 221 223 229 231 227 224 221 215 210
it0 208 217 226 222 231 239 238 234 229 225 220 211
3j 213 221 231 229 238 249 251 245 239 232 225 218
40 222 227 237 243 255 264 266 260 252 244 235 227
4J 236 237 247 259 270 278 279 274 266 257 251 243
su 250 247 255 267 278 283 285 279 272 265 263 258
5: 252 249 253 261 271 278 281 275 267 258 256 256
60 244 240 241 247* 257* 264* 267 263 256 246 244 245
6, 232 228 228 234* 241* 245* 246 245 240 233 231 233
70 222 217 218 224* 229* 225* 222 221 220 219 220 224
7, 214 211 211* 213* 211* 201* 194 194 201 209 215 217
8d 211 207 207* 200* 188* 173* 164 167 184 203 214 214
d, 211 206 200* 187* 168* 149* 140* 148 173* 197* 213* 214
90 214 208 199* 183* 162* 145* 141* 150 173* 196* 212* 217
I:J 216* 209* 205* 197* 184* 173* 168* 170* 179* 195* 21.2* 219*

10J 215* 214* 223* 232* 234* 226* 212* 193* 184* 193* 209* 217*
103 215* 230* 256* 285* 302* 295* 260* 213* 187* 192* 206* 211*
110 229* 261* 303* 344* 373* 366* 314* 241* 198* 199* 212* 216*

* TEMPERATURE DATA LACKING (I.E. LESS THAN TWO DATA
PUINIS WLTHIN ABOUT ONE MONTH AND 10 DEG LATITUDF1

VALUcS FROM 25-55KM ARE BASED ON DATA AT LCNGITUOES 70-160 DEG W
ANJ DkPL:NU ON LONGITUDE AT HIGH LATITUDES IN WINTER. THE 60 AND 70
Jt•h t VALUES AK. 8ASED CN FORT CHURCHILL (94 DEG W) AND FORT
,,A.cLY 1146 UE, W) AD• AT 25-35KH UN PAUIIUSUNDE DATA FOR 115 DEG W
VALuLS APPLY TO THE FIRST CAY OF EACH MONTH
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Table 22. Temperatures (K) at 80'N Based on 20-50 km Data at Thule
(207 profiles) and on 20-80 km Data at Heiss Island (33 profiles)

km Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

25 204 200 198 211 238 239 239 239 229 213 201 206
30 205 200 210 222 248 246 248 247 237 216 207 208
35 209 199 226 239 254 258 259 259 248 225 215 215

40 214 205 245 255 264 269 269 270 260 237 224 220

45 223 219 254 275 270 281 283 285 272 253 239 234

50 249 250 269 281 279 286 293 289 278 261 253 255

55 254 248 254 264 273 280 283 276 263 250 255 258

60 244 234 232 244 262 267 267 260 2 Lz5 231 236 247

65 228 212 211 227 242 247 244 240 229 214 226 238

70 200 195 198 209 223 220 214 212 204 198 210 206

75 194 193 194 202 207 204 196 197 191 200 196 198

80 211 210 212 207 196 185 182 192 211 223 222 219

Table 23. Stations Selected for the Construction of the 30 km
Pressure Model

Station Latitude Longitude

Mould Bay 760 14'N 1190 20 tW

Sachs Harbour 720 00'N 1240 30'W

Coppermine 670 47'N 1150 15'W

Fort Smith 600 01'N 1110 58'W

Edmonton 530 34'N 1130 31'V

Spokane 470 37'N 1170 31'W

Salem 440 551N 1230 01'W

Grand Junction 390 07'N 1080 32'W

San Diego 320 49'N 1170 08'W

Brownsville 25° 54'N 970 26'W

Merida 200 58'N 390 31'W

Swan Island 170 24'N 830 56'W
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Table 24a. Pressures (N/r 2 25 110 km. Insert decimal point on the right of
the three digits and multiply by 10

LATITUDE IDEGREES NJ
KM 0 10 20 30 40 50 60 70 N

JANUARY 1

25 250 247 244 239 237 241 244 240 1
30 118 117 114 112 111 112 111 105 1
35 582 576 562 546 529 527 509 472 0
40 299 295 286 275 261 254 237 216 0
45 157 155 152 146 136 127 116 103 0
50 842 832 816 778 720 659 587 515 -1
55 454 449 442 420 383 345 306 266 -1
60 241 237 232 217 198 177 155 134 -1
65 122 119 117 110 100 089 079 067 -1
70 577 561 %9 519 481 435 382 317 -2
75 255 249 243 236 222 207 183 14b -2
80 110 108 105 102 100 095 084 067 -2
85 471 463 446 440 437* 429* 384 305 -3
90 197 194 187* 184* 190* 191* 174 138 -3
95 803 791* 767* 778* 833* 873* 813* 646* -4

100 350 345* 338* 345* 379* 401* 376* 301* -4
105 168 164* 160* 163* 177* 190* 181* 145* -4
110 89d 889* 856* 843* 899* 939* 887* 70L* -5

FEdRUARY 1

25 250 246 242 239 239 243 241 231 1
30 118 116 114 112 111 112 111 105 1
35 581 572 560 543 531 523 5,7 485 0
40 298 293 286 274 264 255 246 227 0
45 157 156 152 144 137 130 122 110 0
50 848 831) 820 773 734 683 625 546 -1
55 458 455 443 413 390 359 325 279 -1
60 243 238 231 215 202 185 165 140 -1
b5 122 119 114 106 100 092 083 069 -1
7o 577 551 534 504 482 450 397 321 -2
15 256 245 240 229 223 211 188 147 -2
80 111 106 105 102 101 097 086 066 -2
85 469 448* 451 439 440 434 393 295 -3
90 200 188* 188 187 191 192 175 133 -3
95 855* 812* 797 784 814 843* 792* 630* -4

100 395* 364* 362 357 366 371* 359* 218* -4
105 199* 182* 178* 171* 174* 179* 174* 135* -4
110 113* 101* 096* 091* 091* 093* 090* 071* -4

* TEMPERATURE DATA LACKING (I.E. LESS THAN T•o DATA
POINTS WITHIN ABOUT ONE MONTH AND 10 DEG LATITUDE)

VALUES FROM 25-55KM ARE BASED ON DATA AT LONGITUDES 70-160 DEG W
AND DEPEND ON LJNGITUDE AT HIGH LATITUDES IN WINTFR. THE 60 AND 70
JEb N VALUES ARE BASFO ON FORT CHURCHILL (94 OEG W) A4D FORT
GREELY (146 DEG W) AND AT 25-35KM UN RADIOSONDE DATA FOR 115 OEG 4

(INFWTON/M SQ = 1ODYNFS/CM SQ)
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Table 24a. Pressures (N/m 2 ) 25 tu 110 km (Contd.)

LATITUDE (DEGREES NIKM 0 10 20 30 40 50 60 70 N

MARCH I

25 251 246 244 240 240 243 238 225 1
30 118 117 115 113 112 112 110 105 135 582 575 566 552 533 529 521 501 0
40 299 297 290 279 267 262 255 242 045 159 158 154 146 139 13, 130 121 0
50 860 859 833 781 741 f18 675 616 -155 465 461 446 416 392 380 354 319 -1
60 244 241 231 214 203 1.46 181 16? -165 121 117 113 106 101 098 090 079 -170 569 547 528 503 487 475 434 372 -275 255 240 237 231 225 223 205 1710 -280 110 105 105 103 102 102 094 076* -2
85 476 444 450 446 438 444 420 339* -390 206 191 191 188 187 191* 182* 146* -395 903* 811 802 789 785 804* 783* 645* -4100 419* 374* 362 354 354 365* 355* 298* -4105 213* 183* 175* 169 167 174* 1770 153* -4110 122* 104* 096* 089 088 094* 098* 086* -4

APRIL 1

25 251 250 246 244 241 241 240 139 130 119 119 117 116 114 114 113 111 135 590 588 583 570 554 553 545 522 0
40 305 306 300 291 282 282 273 254 045 163 162 159 153 148 149 142 130 050 88b 883 861 825 801 804 761 686 -155 478 473 462 439 427 430 407 363 -160 250 247 240 229 223 225 210 188o* -1
65 123 121 119 114 111 112 106* 093* -170 575 568 565 551 539 546 511* 448* -275 253 250 257 253 250 253 240* 2090 -2
80 110 109 113 l14 112 114 108* 093* -285 479 411 494 493 478 475* 458* 392* -390 212 206 213 212 198 19?* 184* 158* -3Q5 920* 880 900* 873* 813 769* 754* 658* -4

100 416* 386* 386* 380* 359 348* 341* 305* -4105 202* 182* 176* 172* 165 167* 176* 154* -4
110 112* 098* 093* 089* 086 092* 1020 099* -4

* TEMPERATURE DATA LACKING (I.E. LESS THAN TWO DATA
POINTS WITHIN ABOUT ONE MONTH AND 10 DEG LATITUDE)

VALUES FROM 25-55KM ARE BASED ON DATA AT LONGITUDES 70-160 OE- W
(INEWTON/M SQ w IODYNES/CM SQ)
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Table 24a. Pressures (N/mn2 ) 25 to 110 km (Contd.)

LATITUDE (IDEGREES N)
KH 0 10 20 30 40 s0 60 To N

NAY 1

25 251 254 250 249 247 246 249 254 1
30 120 120 120 116 117 117 118 120 1
35 595 598 595 584 576 577 581 586 0
40 309 311 307 299 298 300 299 292 0
45 164 165 163 159 158 160 159 155 0
so 889 896 082 859 861 880 869 832 -1
55 480 481 475 463 464 474 470 456 -1
60 253 254 248 242 244 250 248 239* -1
65 126 127 125 122 122 126 125* 123* -1
70 582 597 600 587 591 607 608* 546* -2
i5 254 263 271 268 267 276 280* 2830 -2
80 111 115 118 115 115 118 121* 121* -2
85 489 496 505 485 464 459 472* 47T* -3
90 213 214 215 199 181 169* 170* 170* -3
95 887* 899* 901* 819 700 619* 622* 649* -4

100 379* 379* 382* 351* 308 276* 280* 292* -4
10 172* 172* 175* 163* 145 135* 145* 162* -4
110 091* 088* 089* 084* 078 079* 089* 100* -4

JUNE 1

25 251 253 253 253 256 258 260 255 1
30 119 120 121 121 122 123 125 1Z8 1
35 592 597 597 599 602 611 627 642 0
40 306 308 306 308 311 318 326 330 0
45 161 163 162 163 166 171 176 178 0
.0 869 881 878 886 905 935 965 974 -1
55 468 474 474 477 487 508 528 537 -1
60 248 251 249 251 258 271 282 288* -1
65 125 127 126 125 128 137 144 150* -1
70 585 599 592 593 607 652 695* 731* -2
7s 255 265 264 262 265 286 313* 335* -2
80 112 114 114 111 110 117 128* 136* -2
85 486 487 479 456 423 423 453* 483* -3
90 208 206 201 183 156 141 145* 152* -3
96 853* 852 833 737* 577 480 489* 5260 -4

100 360* 362* 361* 327* 260 214 216* 230* -4
105 162* 164* 167* 156* 127 108 112* 124* -4
aIO 84'I* 837* 867* 836* 719 640 689* 771* -5

*TEMPERATURE DATA LACKING 4I.E. LESS THAN TWO DATA
POINTS WITHIN ABOUT ONE MONTH AND 10 DEG LATITUDE)

VALUES FROM 25-55KM ARE BASED ON DATA AT LONGITUDES 70-160 DEG w
(INEWTON/M SO IOONFS/CM SQ)
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Table 24a. Pressures (N/mr2 25 to 110 km (Contd.)

LATITUDE (DEGREES N)
KM 0 10 20 30 40 50 60 TO N

JULY I

25 250 252 256 259 263 265 269 274 1
30 118 119 122 123 125 128 130 133 1
35 582 591 600 605 622 640 653 662 0
40 299 301 305 309 318 331 340 345 0
45 157 158 161 163 169 177 18A 185 0
50 084 085 087 088 091 096 101 102 0
55 454 457 466 470 492 521 551 564 -1
60 241 242 245 246 257 275 295 337 -1
65 122 123 123 122 128 139 152 159 -1
70 517 578 573 562 595 654 730 779 -2
75 255 256 253 245 257 284 322 348 -2
80 110 110 109 104 104 111 126 137 -2
85 471 471 460 423 395 393 425 452* -3
90 197 198 191 170 145 131 131 1350 -3
95 803 812 793 688 569 479 458* 456* -4

100 350 357 354 317 262 218 198* 191* -4
105 168 170 168 153 132 110 101* 098* -4
110 898 903 895 835 725 626 576* 559* -5

AUGUST 1

25 250 253 257 260 264 265 270 276 1
30 Il 120 122 123 126 128 130 132 1
35 581 592 595 606 623 640 648 650 0
40 298 301 303 307 319 330 335 332 0
45 157 158 158 161 169 175 178 177 0
50 848 844 852 863 907 946 91i 963 -1
55 458 457 454 462 485 509 526 525 -1
60 243 240 240 241 252 266 280 281 -1
65 122 123 121 120 124 132 141 115 -1
10 577 584 579 563 571 615 676 709 -2
15 256 268 261 251 250 268 295 316 -2
8o 111 116 116 109 104 106 115 125 -2
85 469 506 501 459 408 390 39? 430 -3
90 200 214 214 189 158 140 134 130 -3
95 855* 931 902 796 660 567 504 489* -4

100 395* 421* 412* 359 301 255* 216* 199" -4
105 1990 213* 199* 111 145* 122* 102* 091* -4
I10 113* 111* 109* 090 0C5* 063* 052* 045* -4

* TEMPERATURE DATA LACKING (I.E. LESS THAN TWO DATA
POINTS WITHIN ABOUT ONE MONTH AND 10 DEG LATITUDE)

VALUES FRUM 25-55KM ARE BASED ON DATA AT LONGITUDES 70-160 DES W
(INEWTON/M SQ a IODVNES/Cm SQ)
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Table 24a. Pressures (N/m2 ) 25 to 110 km (Contd.)

LATITUDE (DEGREES M?

KM 0 10 20 30 40 so 60 70 N

SEPTEMBER 1

25 251 253 254 257 259 260 260 252 1
30 118 IZO 121 122 124 124 124 124 1
35 582 589 596 597 607 613 610 599 0
40 299 301 303 302 307 313 310 301 0
45 159 159 160 158 162 165 163 157 0
50 860 858 856 845 865 883 875 840 -1
55 465 464 461 451 461 471 467 450 -1
60 244 245 242 234 235 241 243 237 -1
65 121 124 125 118 115 117 121 120 -1
70 56i 600 606 560 528 537 573 582 -2
75 255 275 283 255 233 234 252 262 -2
80 110 122 126 112 098 096 103 110 -2
85 476 527 550 477 405 378 399 430* -3
90 206 230 236 200 166 150 153 164* -3
95 0900 101* 104* 087 072 063* 062* 064* -3

100 4190 480* 467* 404 328 260* 265* 261* -4
105 213* 246* 247* 199* 158* 131* 119* 11o* -4
110 122* 141* 138S 107* 082* 066* 056* 048* -4

OCTOBER 1

25 251 250 251 253 254 254 250 243 1
30 119 119 119 120 119 118 116 113 1
35 590 588 585 583 578 564 556 539 0
40 305 302 298 295 289 281 274 264 0
45 163 161 157 153 150 145 140 135 0
50 886 869 850 824 8ol 767 740 708 -1
55 478 468 457 439 426 403 389 374 -1
60 250 246 240 228 217 204 199 191 -1
65 123 123 122 113 106 099 099 095 -1
70 51 586 594 549 487 454 466 452 -2
75 253 265 274 248 217 202 213 207 -2
so 110 117 122 Io 094 081 093 092 -2
85 479 515 533 471 402 371 398 4000 -3
90 212 228 233 202 172 158 169 10T* -3
95 092* 099J* 102* 088 075 C69 074 074* -3

100 416* 462* 480* 413 343 310 325 316* -4
105 202* 230* 242* 2070 172 151* 150* 139* -4
110 112* 130* 137* 116* 093* 078* 072* 061* -4

STEMPERATURE DATA LACKING II.E. LESS THAN TWO DATA
POINTS WITHIN ABOUT ONE MONTH AND 10 DEG LATITUDE)

VALUES FROM 25-55KM ARE BASED ON OATA AT LONGITUDES 70-160 DEG W
(INEUTON/M SQ - IODYNES/CM SO)
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Table 24a. Pressures (N/m2 ) 25 to 110 km (Contd.)

LATITUDE (DEGREES N)
KM 0 ii 20 30 40 50 60 70 N

NOVEMBEk I

25 251 250 248 247 246 245 244 239 1
30 120 119 118 116 115 113 111 109 1
35 595 589 578 562 546 529 518 511 0
40 309 303 294 283 270 255 247 244 0
45 164 161 155 148 139 129 123 122 0
50 889 869 838 792 736 666 633 632 -1
55 480 470 452 425 388 346 330 333 -1
60 253 248 239 221 200 177 168 169 -1
65 126 124 120 110 098 087 084 084 -1
70 582 576 571 525 464 413 404 396 -2
75 254 255 256 237 210 191 190 184 -2
80 111 112 113 104 093 086 087 084 -2
85 489 495 492 448 402 381 393 3870 -3
90 213 216 212 192 175 169 178* 176* -3
95 887* 899 888 826 714 772 819* 811S -4

100 379* 395 405 384 365 3640 386* 372* -4
105 172* 184* 195* 192* 183* 180* 184* 174* -4
110 091* 100* 109* 106* 099* 093* 091* 081* -4

DECM-MER 1

25 251 247 245 241 239 241 242 240 1
30 119 118 116 113 111 112 110 107 1
35 592 584 565 552 530 524 506 486 0
40 306 301 289 279 263 252 237 227 0
45 161 159 152 147 136 125 116 110 0
50 869 854 827 788 723 645 586 563 -1
55 468 460 442 422 382 336 303 294 -1
60 248 243 234 221 198 172 154 150 -1
65 125 122 117 111 099 086 078 075 -1
70 585 56b 356 533 477 420 381 357 -2
15 255 250 24S 239 220 199 183 167 -2
do 112 109 108 105 099 091 085 077 -2
85 486 477 459 449 433 411 388 353 -3
90 208 204 199 194 191 185 179 162 -3
95 853* 833 807 822 849* 867* 841 764* -4

100 360* 353 353* 368* 393* 412* 405 361* -4
105 1b2* 161* 161* 173* 188* 201* 195* 172* -4
li1 840* 850* 872* 912* 962* 992* 947* 816* -5

S TEMPLRATURE DATA LACKING (I.E. LESS THAN TWO DATA
POINTS WITHIN ABOUT ONE MONTH AND 10 DEG LATITUDE)

VALUES FROM 2'-55KM ARE BASED ON DATA AT LONGITUDES 70-160 DEG W
AND DEPEND UN LUNGITUDE AT HIGH LATITUDES IN WINTER. THE 60 AND TO
dcG N VALUES ARE 6ASI. ON FORT CHURCHILL (94 DEG W) AND FORT
uti•LY (146 DOG W) AND AT 25-35KM CN RADIOSONDE DATA FUR 115 DEG W

(INfbTON/M SO = IODYNES/CM SO)
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Table 24b. Pressures (N/m 2 ) 25 1? 110 km. Insert decimal point on the right of
the three digits and multiply by 1 0 N

KM JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC N

DEGREES N

25 250 250 251 251 251 251 250 250 251 251 251 251 1
30 118 118 118 119 120 119 118 118 118 119 120 119 1
35 582 581 582 590 595 592 582 581 582 590 595 592 0
40 299 298 299 305 309 306 299 298 299 305 309 306 0
45 157 157 159 163 164 161 157 157 159 163 164 161 0
50 842 848 860 886 889 869 842 848 860 886 889 869 -1
55 454 458 465 478 480 468 454 458 465 478 480 468 -1
60 241 243 244 250 253 248 241 243 244 250 253 248 -1
65 122 122 121 123 126 125 122 122 121 123 126 125 -1
To 577 577 569 575 582 585 577 577 569 575 582 585 -2
i5 255 256 255 253 254 255 255 256 255 253 254 ?55 -2
80 110 111 110110 111 112 110 111 110 110 111 Ilk -2
85 471 469 476 479 489 486 471 469 476 479 489 486 -3
90 197 200 206 212 213 208 197 200 206 212 2L3 208 -3
95 803 855* 903S 920* 887* 853* 803 855* 903* 920* 887* 853* -4

LOU 350 395* 419S 416* 379* 360* 350 395* 419* 416* 379* 360* -4
L05 168 199* 213* 202S 172* 162* 168 199* 213* 202* 172* 162* -4
11 090 113* 122* 112* 091* 084* 090 1130 122* 112* 091* 084* -4

LO DEGREES N

2• 247 246 246 250 254 253 252 253 253 250 250 247 1
30 117 116 117 119 120 120 119 120 120 119 119 118 1
35 576 572 575 588 598 597 591 592 589 588 589 584 0
40 295 293 297 306 311 308 301 301 301 302 303 301 0
45 155 156 158 162 165 163 158 158 159 161 161 159 0
50 832 839 859 883 896 881 846 844 858 869 869 854 -1
55 449 4.55 461 473 481 474 457 457 464 468 470 460 -1
60 237 238 241 247 254 251 242 240 245 246 248 243 -1
6J 119 119 117 121 127 127 123 123 124 123 124 122 -1
70 561 551 547 568 597 599 578 584 600 586 576 568 -2
1:i 249 245 240 250 263 265 256 268 275 265 255 250 -2
80 108 106 105 109 115 114 110 116 122 117 112 109 -2
85 463 448* 444 411 496 487 471 506 527 515 495 471 -3
90 194 1880 191 206 214 206 198 214 230 228 216 204 -3
9, 079* 080* 081 088 090* 085 081 093 101* 099* 090 083 -3

LO 345* 364* 374* 386* 379* 362* 357 421* 480* 462* 395 353 -4
10i 164* 182* 183* 182* 172* 164s 170 213* 246* 230* 184* 161* -4
11) 089* 101* 1040 C98* 088* 084* 090 117* 141* 130* 100* O85* -4

* TEP-:tRATURE DATA LACKING (I.E. LESS THAN TWOD DATA
POINTS WITHIN ABOUT ONE Mc:NTH AND 10 DEG LATITUDE)

VALUES RO• 25-55KM ARE BASED UN DATA AT LONGITUDES 70-160 DEG W
VALUES PPLY TO THc FIRST DAY OF EACH M(.NTH

(INE•WTON/N SQ = IOOYNES/CM SQ1
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Table 24b. Pressures (N/m 2 ) 25 to 110 km (Contd.)

KA JAN FEB MAR APR NAY JUN JUL AUG SEP OCT NOV DEC N

20 DEGREES N

2i 244 242 244 246 250 253 256 257 254 251 248 245 1
30 114 114 115 117 120 121 122 122 121 119 118 116 1
35 562 560 566 583 595 597 600 595 596 585 578 565 0
40 286 286 290 300 307 306 305 303 303 298 294 289 0
45 152 152 154 159 163 162 161 158 160 157 155 152 0
50 816 820 833 861 882 878 866 852 858 850 838 827 -1
5i 442 443 446 462 475 474 466 454 461 457 452 442 -1
ba 232 231 231 240 248 249 245 240 242 240 239 234 -1
6. 117 114 113 119 125 126 123 121 125 122 120 117 -1
71 549 534 528 56S 600 592 573 579 606 594 571 556 -2
7i 243 240 237 257 271 264 253 261 283 274 256 245 -2
kio 105 105 105 113 118 114 109 116 126 122 113 108 -2
8a 446 451 450 494 505 479 460 501 550 533 492 459 -3
90 187* 188 191 213 215 201 191 214 236 233 212 199 -3
9J 077* O8o 080 090* 090* 083 079 090 104* 102* 089 081 -3

L00 338* 362 362 386* 382* 36L* 354 412* 487* 480* 405 353* -4
LS 160* 178* 175* IT* 175* 161* 168 199* 247* 242* 195* 161* -4
l1a 086* 096* 096* 093* 089* 087* 089 109* 138* 137* 109* 087* -4

3J DEtimEES N

2ý 239 239 240 244 249 253 259 260 257 253 247 241 1
34 112 112 113 l16 118 121 123 123 122 120 116 113 1
i5 546 543 552 570 584 599 605 606 597 583 562 552 0
4J 275 274 279 291 299 308 309 307 302 295 283 279 0
45 146 144 146 153 159 163 163 161 158 153 148 147 0
50 778 773 781 825 859 886 876 863 845 824 792 788 -1
5 420 413 416 439 463 477 470 462 451 439 425 422 -1
60 217 215 214 229 242 251 246 241 234 228 221 221 -1
62 110 106 106 114 122 125 122 120 118 113 110 ILI -I
70 519 504 503 55L 587 593 562 563 560 549 525 533 -2
1i 236 229 231 253 268 262 245 251 255 248 237 239 -2
do 102 102 103 114 115 111 104 109 112 110 104 105 -2
d5 440 439 446 493 485 456 423 459 477 471 448 449 -3
91 184* 187 188 2L2 199 183 170 189 200 202 192 194 -3
vi 778* 784 789 873* 819 737* 688 796 872 876 826 822 -4

100 345* 357 354 380* 351* 3270 317 359 404 413 384 368* -4
Luti 163* 171* 169 172* 163* 156* 155 171 199* 207* 192* 173* -4
1li 0840 091* 089 089* 084* 084* 083 090 107 IL16* 106* 091* -4

* TEMPERATURE DATA LACKING II.E. LESS THAN TWO DATA
POINTS WITHIN ABOUT ONE MONTH AND 10 DEG LATITUDE)

VALUES FROM 25-55KM ARE BASED ON DATA AT LONGITUDES 70-160 DEG W
VALUES APPLY TU THE FIRST DAY UF EACH NGNTH

(IINEWTON/M SQ = IODYNES/CM SQ)
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Tlable 24b. Pressures (N/m ) 25 to 110 km (Contd.)

KM JAN FEB MAR APR NAY JUN JUL AUG SEP OCT NOV DEC N

4b0 DEGREES N

25 237 239 240 241 247 256 263 264 259 254 246 239 1
30 111 111 112 114 117 122 125 126 124 119 115 111 1
35 529 531 533 554 576 602 622 623 607 576 546 530 0
40 261 264 267 282 296 311 318 319 307 289 270 263 0
45 136 137 139 148 158 166 169 169 162 150 139 136 0
50 720 734 741 801 861 905 912 907 865 801 736 723 -1
55 383 390 392 427 464 467 492 485 461 426 388 362 -1
60 198 202 203 223 244 256 257 252 235 217 200 198 -1
6S 100 100 101 111 122 128 128 124 115 106 098 099 -1
70 481 482 487 539 591 607 595 571 528 487 464 477 -2
75 222 223 225 250 267 265 257 250 233 217 210 220 -2
80 100 101 102 112 115 110 104 104 098 094 093 099 -2
85 437* 440 438 478 464 423 395 408 405 402 402 433 -3
90 190* 191 187 198 181 156 145 158 166 172 175 191 -3
9 6 833* 814 785 813 700 577 569 660 721 751 774 8490 -4

100 379* 366 354 359 308 260 262 301 328 343 365 393* -4
LOS 177* 174* 167 165 145 127 132 15* 158* 172 1830 188* -4
110 8990 908* 885 858 784 719 725 748* 823* 928* 988* 962* -5

S0 DEGREES N

25 241 243 243 241 246 258 265 265 260 254 245 241 1
30 112 112 112 114 117 123 128 128 124 118 113 112 1
35 527 523 529 553 577 611 640 640 613 564 529 524 0
40 254 255 262 282 300 318 331 330 -13 281 255 252 0
4S 127 130 135 149 160 171 177 175 165 145 129 125 0
so 659 683 718 804 880 935 961 946 883 767 666 645 -1
55 345 359 380 430 474 508 521 509 471 403 346 336 -1
60 177 185 196 225 250 271 275 266 241 204 177 172 -1
65 089 092 098 112 126 137 139 132 117 099 087 086 -1
70 435 450 475 546 607 652 654 615 537 45f, 413 420 -2
75 207 211 223 253 276 286 284 268 234 202 191 199 -2
80 095 097 102 114 118 117 111 106 096 087 086 091 -2
85 429* 434 444 475* 459 423 393 390 378 371 381 411 -3
90 191* 192 191* 1920 169* 141 131 140 150 158 169 185 -3
95 873* 843* 804* 7690 619* 480 479 567 633* 694 772 867* -4
Loo 401* 377* 365* 3480 276* 214 218 255* 280* 310 364* 412* -4
LOS 190* 179* 174* 167* 1350 108 110 122* 131* 151* 180* 201* -4
1 10 939* 929* 937* 923* 785* 640 626 629* 656* 778* 933* 992* -5

* TEMPERATURE DATA LACKING (I.E. LESS THAN TWO DATA
POINTS WITHIN ABOUT ONE MONTH AND 10 DEG LATITUDES

VALUES FROM 25-SSKM ARE BASED ON DATA AT LONGITUDES 70-160 DEG W
VALUES APPLY TU THE FIRST DAY OF EACH MONTH

(INEWTON/M SQ a IODYNES/CM SO)

L... nn~lu mmn ee m n ini



166

Table 24b. Pressures (N/m 2 ) 25 to 110 krn (Contd.)

K14 JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC N

60 DEGREES N

25 244 241 238 240 249 260 269 270 260 250 244 242 1
30 111 111 110 113 118 125 130 130 124 116 111 110 1
3 509 517 521 545 581 627 653 648 610 556 518 506 0
40 237 246 255 213 299 326 340 335 310 274 247 237 0
45 116 122 130 142 159 176 184 17T 163 140 123 116 0
50 059 063 068 076 087 096 101 097 088 074 063 059 0
55 306 325 354 407 470 528 551 526 467 389 330 303 -1
60 155 165 181 210* 248 282 295 280 243 199 168 154 -1
65 079 083 090 1060 125* 144 152 141 121 099 084 078 -1
T0 382 397 434 511* 608* 695* 730 676 573 466 404 381 -2
75 183 188 205 240* 280* 313* 322 295 252 213 190 183 -2
80 084 086 094 1086 121* 128* 126 115 103 093 087 065 -2
85 384 393 420 458* 472* 453* 425 397 399 398 393 388 -3
90 174 115 182* 18640 170* 145* 131 134 153 169 178* 179 -3
95 813* 792* 783* 754* 622* 4689* 456* 504 619* 737 819* 841 -4

100 376* 3590 355* 341* 2800 216* 198* 216* 265* 325 386* 405 -4
105 181* 174* 177* 176* 145* 112* 101* 102* 1190 1500 184* 195* -4
1 10 089* 090* 098* 102* 089* 069* 058* 052* 056* 072* 091* 095* -4

10 DEGREES N

25 240 231 225 239 254 265 274 276 262 243 239 240 1
30 105 105 105 111 120 128 133 132 124 113 109 107 1
32 472 485 501 522 586 642 662 650 599 539 511 486 0
40 216 227 242 254 292 330 345 332 301 264 244 227 0
4ý 103 110 121 130 155 178 185 177 157 135 122 110 0
so 052 055 062 069 083 097 102 096 084 071 063 056 0
55 266 279 319 363 456 537 564 525 450 374 333 294 -1
60 134 140 162 168* 239* 288* 307 281 237 191 169 150 -1
65 067 069 079 093* 123* 150* 159 145 120 095 084 075 -1
10 317 321 372 448* 596* 731* 779 709 582 452 396 357 -2
IJ 148 147 171* 209* 283* 335* 348 316 262 207 184 167 -2
80 067 066 076* 093* 121* 136* 137 125 110 092 0864 077 -2
8a 305 295 339* 392* 477* 483* 452* 430 430*4 00* 387* 353 -3
90 138 133 146* 156* 170* 152* 135* 138 164* 170* 1760 162 -3
95 646* 600* 645* 658* 649* 5260 456* 489* 638* 735* 8110 764* -4

Lo0 301* 278* 298* 305. 2920 230* 191* 199* 261* 316* 372* 361* -4
101 1450 135* 153* 164* 162* 124* 098* 0910 110* 139* 174* 172* -4
110 070* 071* 086* 099* 100* 077* 0560 045* 048* 0610 081* 082* -4

* TEMPERATURE DATA LACKING (I.E. LESS THAN TWO DATA
POINTS WITHIN ABOUT ONE MONTH AND 10 DEG LATITUDE)

VALUES FROM 25-55KM ARE BASED ON DATA AT LONGITUDES 70-160 DEG d
ANO UL:PEND ON LONGITUDE AT HIGH LATITUDES IN MINTER, THE 60 AND TO
OtG, N VALUES ARE BASED ON FORT CHURCHILL (94 DEG W) AND FORT
.iXEELY (146 DEG W) AND AT 25-35KM ON RADIOSONDE DATA FOR 115 DEG W
VALUES APPLY TO THE FIRST DAY OF EACH MLhTH

(INEWION/M SO = IODYNES/CM SO)
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Table 25. Log (pressure) for the Values in Table 24b. The annual mean value and
the monthly differences from this value

KA MEAN JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

0 DEGREES N

25 3.399 -001 -001 4000 +001 *001 +000 -001 -001 +000 +001 +001 +000
30 3.074 -003 -003 -001 +002 +004 +001 -003 -003 -001 +002 +004 +001
35 2.769 -004 -004 -004 +002 +006 +004 -004 -004 -004 +002 +006 +004
40 2.481 -005 -007 -006 +004 +009 +004 -005 -007 -006 +004 +009 +004
45 2.205 -008 -008 -004 +007 +010 +003 -008 -008 -004 +007 +010 +003
50 1.937 -012 -009 -003 +010 +012 +002 -012 -009 -003 +010 +012 +002
5! 1.669 -012 -009 -002 +010 +012 +001 -012 -009 -002 +010 +012 +001
60 1.392 -010 -007 -005 +006 +012 +003 -010 -007 -005 +006 +012 +003
65 1.091 -004 -006 -006 +001 +009 +005 -004 -006 -006 +001 +009 +005
70 0.762 -001 -001 -006 -002 +003 +006 -001 -001 -006 -002 +003 +006
15 0.406 +000 +002 +001 -003 -002 +001 +000 +002 +001 -003 -002 +001
80 0.044 -001 +001 -001 -002 +001 *u03 -001 +001 -001 -002 +001 +003
85 *1.680 -006 -009 -002 +001 +009 +007 -006 -009 -002 +001 +009 +007
90 +1.314 -020 -013 -001 +012 +015 +005 -020 -013 -001 +012 +015 +005
9i *2.940 -035 -008 +016 +024 +008 -009 -035 -008 +016 +02# +008 -009

100 *2.587 -043 +010 +035 +032 -009 -031 -043 +010 +035 +G.i2 -009 -031
105 *2.270 -045 +029 +059 +036 -0?-2 -•59 -045 +029 +059 +036 -033 -059
1L0 *2.008 -055 +044 +078 +042 -050 -084 -055 +044 +078 +047 -050 -084

10 O-GAEES N

25 3.398 -005 -007 -007 +000 +006 +005 +004 +006 +005 +000 -001 -005
30 3.074 -007 -010 -007 +001 +007 +005 +003 +004 +004 +001 +001 -003
3!P 2.768 -008 -011 -008 +001 +on8 +007 +003 +004 +002 +001 +002 -002
40 2.479 -009 -013 -00A, '006 +O0.• *009 +000 -002 -001 +001 +002 -001
4i 2.203 -d12 -011 -)04 a007 +014 +010 -003 -004 -001 +002 +004 -002
iJ 1.935 -U15 -011 -001 +OIL +018 +010 -007 -009 -002 +004 +004 -004
55 1.667 -014 -008 -003 +009 +016 +010 -007 -007 -001 +004 +006 -004
80 1.388 -013 -011 -006 +C0OS +017 +012 -005 -007 +001 +003 *006 -003
65 1.088 -011 -014 -018 -004 +015 +016 +001 +002 +005 +002 +004 -001
70 0.761 -011 -019 -022 -006 +015 +017 +001 +006 +017 +007 +000 -006
15 0.409 -014 -020 -028 -012 +011 +013 -001 +018 +030 +014 -003 -OIL
80 0.049 -015 -uZ5 -028 -012 +010 +008 -006 +016 +037 +021 +001 -012
85 +1.684 -ld -033 -037 -011 +011 +003 -011 +020 +038 +027 +010 -005
90 S1.317 -029 -C42 -035 -003 +013 -002 -020 +014 +G45 +041 +017 -007
95 *2.943 -045 -038 -034 +002 +011 -012 -033 +06 +063 +055 +011 -022

100 *2.591 -053 -030 -018 -004 -012 -032 -038 +033 +091 +074 +006 -043
LOo *2.273 -051 -014 -010 -013 -03d -05? -043 +055 +117 +088 -008 -066
110 +2.010 -061 -005 +005 -018 -064 -087 -054 +060 +140 +104 -010 -080

0 INTEGR.AL PART UF LOGARITHM IS NEGATIVE
VALUES APPLY TO THE FIRST CAY OF EACH MGNTH (INEWTONIM SQ = IOOYNES/CM S,)
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Table 25. Log (pressure) for the Values in Table 24b (Contd.)

KM MEAN JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

20 OGREES N

25 3.397 -009 -013 -009 -006 4002 *006 +011 4014 4009 4002 -003 -007
30 3.073 -014 -017 -012 -003 4005 "009 .012 +013 4010 .004 -002 -008
35 2.765 -015 -017 -012 .001 4010 +011 +013 4010 .011 -I-003 -003 -013
40 2.473 -017 -017 -010 .004 +014 4013 4012 *008 4008 +002 -004 -012
45 2.196 -015 -016 -009 +406 4015 4014 4010 4002 4007 4001 -004 -014
50 1.429 -011 -015 -008 40J6 *017 0015 4009 4002 4005 4001 -005 -011
55 1.659 -014 -013 -010 +006 4017 4017 4010 -002 +005 4000 -004 -014
60 1.379 -014 -016 -016 +001 4016 1017 .011 4002 4005 +001 -001 -009
65 1.079 -012 -022 -028 -005 4018 4020 +011 4002 4016 +007 4000 -010
10 0.756 -017 -029 -034 -004 4022 4016 4002 4007 +026 4017 4001 -011
75 0.410 -024 -030 -036 4000 +023 +012 -008 4007 4042 4028 -001 -021
80 0.053 -030 -030 -032 +001 4018 4003 -016 4014 +047 +035 +002 -021
85 *1.686 -036 -032 -033 4008 4017 -005 -023 4014 +055 4041 ,006 -024
90 *1.316 -045 -040 -034 +013 4018 -012 -034 4016 4058 +051 4011 -017
9J 42.940 -055 -038 -036 4014 4015 -019 -041 4015 +078 4068 4Of") -033

100 42.591 -062 -033 -032 -004 -009 -034 -042 +023 4096 +090 4016 -044
L05 *2.272 -067 -023 -028 -022 -028 -049 -046 +026 4120 +111 4018 -064
110 $2.005 -073 -022 -025 -038 -054 -067 -054 +031 +133 +131 +031 -065

30 OtiGAES N

25 3.395 -016 -018 -015 -007 4001 +008 +018 +019 4015 +001 -002 -013
30 3.071 -020 -021 -016 -006 +O,3 4013 +020 +021 +017 +008 -006 -016
3ý 2.760 -022 -025 -017 -004 +007 4018 +022 +023 +016 +006 -010 -018
40 2.465 -026 -028 -020 -001 +011 +023 +026 4022 +016 +005 -014 -020
42 2.186 -022 -028 -021 -001 +015 +026 +026 +021 +013 +000 -015 -019
50 1.916 -0_5 -028 -024 4000 4018 +031 +027 +020 +011 +000 -017 -020
52 1.645 -022 -029 -026 -002 4021 +033 +027 +019 +010 -002 -017 -01 9

60 1.362 -025 -029 -030 -002 +022 4038 4030 +020 +008 -004 -017 -017
65 1.060 -019 -034 -035 -005 +027 +038 +326 4019 +010 -005 -017 -013
10 0.737 -022 -034 -036 +004 +032 +036 +013 +013 +011 +002 -017 -011
15 0.391 -019 -031 -027 +012 +036 +027 -002 4008 +016 +003 -016 -012
do 0.032 -02 -02k -020 4026 +030 403 -016 4006 +016 +011 -013 -012
62 *1.660 -U1o -017 -011 4033 +026 -001 -034 +001 +018 +013 -009 -008
90 *1.282 -017 -011 -009 +043 +017 -020 -053 -006 +019 +024 4001 +005
95 *2.906 -015 -011 -009 +035 +008 -038 -068 -005 +035 +037 4011 +009

100 *2.560 -022 -007 -OL1 +019 -015 -046 -060 -005 +047 +056 +025 +006
10,p *2.240 -029 -008 -012 -005 -029 -048 -055 -008 +059 +075 .-i042 -003
110 *3.969 -043 -008 -019 -019 -043 -046 -047 -015 +063 +098 +058 -008

* INI'.,RAL PART Uk 'OGAR|T'ýM IS NEGATIVE
VALU63 APPLY TO rHt FI.AST DAY OF EACH M.NTH (INEWTON/M SJ = IOOYNES/CM SJ)

dL
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Table 25. Log (pressure) for the Values in Table 24b (Contd.)

KM MEAN JAN FED MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

'.0 DEGREES N

25 3.396 -020 -017 -016 -013 -003 +012 #023 +025 +017 #009 -005 -017
30 3.069 -025 -023 -021 -012 *001 *017 +029 .031 +023 .008 -010 -024
35 2.755 -032 -030 -028 -011 005 4.024 4039 *039 +028 +006 -018 -031
40 2.459 -041 -037 -032 -008 "015 4034 *044. +046 *029 +003 -027 -039
45 2.178 -046 -040 -036 -007 +021 +041 +049 .049 *031 -001 -036 -045
50 1.908 -050 -042 -038 -004 -027 .049 +052 *050 +029 -004 -041 -049
55 1.635 -052 -044 -041 -005 *032 +053 *057 +051 +029 -006 -046 -053
60 1.350 -053 -045 -042 -003 *037 *061 4061 4051 +021 -014 -049 -05S
65 1.045 -047 -044 -043 *000 4041 4063 *063 +049 +014 -021 -053 -051
70 0.721 -039 -038 -034 +011 *051 *063 *053 *036 *002 -033 -054 -042
Is 0.374 -027 -026 -022 +024 *053 *050 +035 +025 -007 -037 -053 -032
80 0.011 -011 -008 -004 -039 *050 +030 +005 +005 -019 -037 --045 -015
85 *1.630 +010 +013 *011 *049 +036 -005 -033 -020 -023 -026 -027 +006
90 *1.245 .035 +036 +026 +052 +012 -051 -084 -047 -025 -011 -002 +036
95 *2.868 +053 +043 +027 +043 -022 -106 -113 -048 -010 +008 4021 +061

100 *2.525 +054 +039 4024 +030 -037 -110 -106 -047 -008 +01t +037 +070
105 *2.207 *041 +033 *017 +012 -045 -104 -087 -046 -007 +028 .055 +066
110 *3.931 *023 +027 *016 +003 -036 -074 -070 -0S7 -015 +037 *064 +053

50 JaGXES N

25 3.399 -016 -012 -013 -016 -007 *013 *025 +025 *017 *006 -009 -016
.40 3.071 -021 -023 -022 -016 -002 4019 4035 *037 4023 +001 -018 -021
35 2.755 -034 -037 -031 -012 +006 *030 *051 *051 +032 -004 -032 -036
40 2.456 -052 -050 -038 -005 *020 *046 +063 .062 *039 -008 -049 -055
45 2.173 -068 -059 -042 *000 +031 *059 +076 *070 +043 -012 -064 -075
50 1.901 -082 -067 -045 +005 +044 +070 +082 +075 +045 -016 -077 -091
5i 1.627 -089 -072 -047 +006 +049 +080 +090 *080 *046 -022 -087 -101
60 1.342 -094 -074 -049 +009 4056 +090 +097 +082 +040 -032 -095 -107
65 X.04O -088 -074 -048 +009 +05q *095 *104 +081 +030 -044 -100 -104
10 0.717 -079 -064 -041 *020 *066 +097 +098 *071 *013 -060 -101 -094
1, 0.373 -057 -049 -025 +031 +067 *083 4081 *055 -005 -067 -093 -075
80 0.007 -030 -021 -001 *050 +065 *060 +039 +020 -025 -067 -074 -048
8a *1.619 #014 +019 4028 +058 +043 *008 -024 -028 -041 -049 -037 -005
90 *1.224 *058 +060 *057 +060 *004 -075 -108 -076 -048 -026 +003 +044
/ s *2.845 +096 *081 *060 +041 -053 -164 --165 -092 -044 -004 *043 +093

LUO *2.503 +100 +074 *059 +039 -062 -173 -165 --097 -056 -011 +058 +112
102 *2,18- +091 *066 *053 +035 -057 -154 -147 -099 -069 -010 +067 +115
110 *3.9-1 +062 +057 *061 +054 -016 -104 -114 -112 -094 -019 *059 *086

0 INTEGRAL PART GF LOGAR ITHM IS NEGATIVE
VALUtES APPLY TO THL. FIRST CAY OF EACH NMNTH I1NEWTON/N SQ = IOOYNES/CM SJ)
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Table 25. Log (pressure) for the Values in Table 24b (Contd.)

KA MEAN JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

60 dEGRkES N

25 3.399 -012 -017 -022 -018 -003 4016 +031 +032 +016 -002 -012 -015
j3 3.070 -026 --026 -029 -017 +003 4028 1045 *045 +024 -005 -023 -028
3: 2.753 -046 -039 -036 -016 +011 4045 4062 4059 4032 -008 -039 -049
40 2.450 -075 -059 -043 -014 +026 4063 4082 +075 +042 -011 -056 -075
45 2.164 -097 -076 -051 -010 +038 +081 4100 +088 +048 -017 -073 -101
s0 1.889 -120 -093 -060 -007 4-050 +095 4114 +098 4053 -020 -088 -121
55 1.616 -130 -104 -067 -007 1056 +107 4125 4105 .053 -026 -097 -134
60 1.333 -141 -115 -075 -010 4062 +117 4138 +114 4053 -034 -107 -144
65 1.035 -138 -118 -081 -011 +062 4123 4146 +116 4048 -040 -112 -144
70 0.717 -135 -118 -030 -009 +067 +125 4146 +113 4041 -049 -111 -136
75 0.378 -116 -10i4 -067 .003 4069 +118 4130 4093 +024 -049 -099 -116
80 0.011 -088 -076 -037 4021 +074 4096 a088 4051 4004 -042 -070 -083
85 *1.618 -033 -024 4005 +043 *056 4038 +010 -020 -017 -018 -023 -030
90 *1.216 +025 4028 +044 4048 +015 -'55 -098 -090 -032 4011 4035 4036
95 *2.836 +074 +063 4058 +041 -043 -147 -175 -134 -045 4031 4077 4089

100 *2.492 +083 4064 +059 4041 -045 -158 -194 -157 -069 4020 +095 4116
105 42.180 +078 +060 +068 4066 -018 -130 -175 -171 -105 -004 +084 4110
110 *3.903 +045 +053 +088 +105 4045 -065 -142 -189 -154 -045 4055 4073

70 J•GKEES N

25 3.396 -017 -032 -045 -018 +010 4028 4042 4044 4022 -011 -018 -015
30 3.064 -042 -044 -044 -020 +015 +043 4059 4056 +028 -010 -027 -035
35 2.744 -070 -058 -044 -027 +024 *063 4077 *069 4033 -012 -035 -058
40 2.436 -102 -080 -052 -031 4030 4083 4102 4086 4042 -014 -049 -081
4.i 2.147 -132 -106 -065 -034 4044 4103 4121 +101 4048 -017 -061 -105
50 1.870 -158 -133 -080 -034 4050 4118 140 -113 4054 -020 -070 -119
55 1.598 -174 -153 -094 -C38 4061 4132 4153 +121 4+054 -026 -076 -130
60 1.316 -188 -170 -108 -043 4062 4144 4170 4133 4058 -035 -089 -140
65 1.021 -196 -185 -123 -051 4069 4154 4181 +142 4060 -042 -097 -149
70 0.703 -203 -196 -133 -052 4072 4160 4188 4148 4062 -048 -106 -151
75 0.364 -194 -197 -132 -045 4087 4160 4178 4136 4054 -048 -099 -141
s0 *1.994 -169 -174 -111 -026 4088 4141 4142 4103 4048 -032 -070 -109
85 01.597 -112 -127 -067 -003 4082 4087 4059 4037 4036 4005 -009 -049
9j *1.186 -046 -062 -023 +014 *045 -004 -057 -046 4028 4045 4059 4024
9 3p *2.803 4008 -025 4007 4015 4010 -082 -143 -113 4002 4064 4106 4081

LOU *2.453 4026 -009 4021 4032 4012 -090 -171 -153 -036 4046 4118 4105
10, *2.143 4018 -014 *044 4073 4066 -049 -153 -184 -100 4000 4097 4094
110 *3.864 -018 -014 4073 4133 4138 4023 -116 -209 -178 -076 4044 +047

I NTEGRAL PART OF LOGARiTHM 15 NEGATIVE
VALUES APPLY TO THL FIRST DAY OF EACH MONTH (INEWTON/M S4 = IOUYNES/CM S4)
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Table 2fta. Densities (kg/m ) 25 to 110 km. Insert decimal point on the right oi
the three digits and multiply by 1 0 N

LATITUDE (DEGREES N)

KN 0 10 20 30 40 50 60 TO N

JANUARY 1

25 400 393 392 381 377 382 395 403 -4
30 11i 175 173 171 171 116 179 176 -4
35 820 815 805 800 "!' 812 813 772 -5
40 404 400 386 374 3a1 371 361 338 -5
45 271 203 196 189 180 177 168 153 -5
50 108 107 104 100 094 089 081 072 -5
55 585 581 575 554 511 457 420 357 -6
60 327 325 320 302 277 248 218 192 -6
65 182 119 174 164 146 131 115 100 -6
70 952 926 906 837 755 661 581 431 -7
75 444 431 421 403 365 330 289 241 -7
so 195 190 187 L8a 171 157 137 110 -7
85 850 832 809 791 760* 722* 634 503 -8
90 370 365 349* 339* 333* 320* 283 225 -8
95 148 146* 139* 138* 141* 143* 131* 103* -8
1UO 580 574* 560* 571* 622* 645* 593* 474* -9
105 242 236* 234* 244* 271* 294* 278* 224* -9
110 108 106* 104* 107* 119* 128* 124* 101* -9

PEd8UARY I

25 400 393 386 379 382 391 387 377 -4
30 178 174 172 171 173 178 175 168 -4
35 823 813 799 791 790 799 804 765 -5
40 403 393 386 375 368 366 366 348 -5
45 205 201 195 187 181 176 173 152 -5
50 108 106 104 099 095 090 085 077 -5
55 591 592 580 545 521 483 446 390 -6
60 334 332 325 303 284 261 235 203 -6
05 182 181 174 161 149 136 122 105 -6
10 943 914 873 809 760 694 612 516 -7
75 444 425 408 382 364 338 300 243 -7
80 198 189 185 177 171 160 141 111 -7
65 845 812* 817 785 766 738 654 494 -8
90 360 343* 347 342 341 331 295 222 -8
95 141* 140* 139 137 142 145* 133* 099* -8

IUD 610* 57l* 574 574 598 619* 578* 439* -9
105 264* 246* 249* 2470 257* 266* 254* 195* -9
110 125* I4* 114* 113* 116* 118* 114* 089* -9

* TEMPERATURE uATA LACKING (I.E. LESS THAN r4O DATA
POINTS WITHIN ABOUT ONE MONTH AID 10 DFG LATITJOED

VALUES FROM 2n-55KM ARF BASED UN DATA AT LONGITUOES 73-160 DE, W
ANO DEPEND UN LON;ITUI)¶ AT HICH LATITUDES IN WINTFR. TIE 60 ANO 70
LcEG N VALUES ARE BAS•f ON FORT CHURLHILL (94 i)DG WI) AD FORT
GREELY (146 OEG W) ANO AT 25-35KM ON RADI:)SONDE DATA FOR 115 DEG W

(IKG/M CU = 10POWF•(-3IGN/CCI
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Table 26a. Densities (kg/m ) 25 to 110 km (Contd.)

LATITUDE (DEGREES NO

KM 0 10 20 30 40 50 60 TO N

MARCH 1

25 399 387 388 380 381 390 381 354 -4
30 178 175 174 172 174 177 173 162 -4
35 827 811 805 802 787 795 785 755 -5
40 400 397 390 382 371 368 365 356 -5
45 204 202 198 191 183 IO 177 170 -5
50 109 109 106 101 096 094 090 084 -5
55 605 604 591 555 524 509 479 439 -6
60 340 343 331 305 288 276 258 233 -6
65 185 182 174 161 150 145 134 121 -6
70 931 912 863 800 760 735 668 594 -7
75 440 417 400 384 368 358 325 282* -7
80 195 186 183 177 174 172 155 129* -7
85 841 793 803 796 778 776 724 589* -8
90 361 345 350 345 340 346* 323* 255* -8
95 153* 140 142 139 138 141* 136* 108* -8

100 644* 591* 583 574 578 589* 559* 451* -9
105 279* 249* 247* 248 247 251* 241* 200* -9
110 131* 117* 114* 110 110 112* 111* 094* -9

APRIL 1

25 398 394 386 383 379 378 375 376 -4
30 178 178 174 174 173 173 173 174 -4
35 829 823 822 814 798 793 802 793 -5
40 406 406 402 396 384 381 377 354 -5
45 208 208 205 198 192 192 187 ITS -5
50 112 112 110 106 103 103 098 089 -5
55 623 622 610 582 565 565 541 485 -6
bO 352 350 340 323 311 314 294* 254* -6
65 189 186 179 168 164 165 155* 139* -6
70 958 942 903 864 838 846 788* 697* -7
75 440 435 435 416 409 412 389* 341* -7
do 193 190 196 196 195 200 186* 162* -7
85 826 821 864 872 871 889* 853* 730* -8
90 368 364 382 388 373 374* 353* 301* -8

95 159* 157 163* 159* 147 139* 135* 115* -8
UOO 673* 648* 669* 654* 603 560* 522* 4450 -9

105 282* 265* 269* 265* 253 234* 223* 192* -9
110 126* 116* 115* 114* 108 107* 106* 045* -9

STEMPERATURE DATA LACKING (I.E. LESS THAN TWO DATA
POINTS WITHIN ABOUT ONE MC14TH AND 10 DEG LfTITUDE)

VALUES FROM 25-55KM ARE BASED ON DATA AT LONGITUDES 70-160 DEG W
(IKG/M CU = IOPOWFiR-3)GM/CC)
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3
Table 26a. Densities (kg/mr) 25 to 110 km (Contd.)

LATITUDE (DEGREES NJ
KM 0 10 20 30 40 50 60 70 N

MAY I

25 396 400 391 389 384 381 385 398 -4
30 178 180 177 177 177 176 178 181 -4
35 829 832 835 830 816 811 823 857 -5
40 411 414 411 402 396 395 399 399 -5
45 212 212 209 204 202 201 201 200 -5
50 113 114 112 109 109 110 109 104 -5
55 621 628 624 608 605 616 606 586 -6
60 350 351 344 334 338 344 341 324* -6
65 19. 191 184 180 179 184 183* 178* -6
70 984 985 958 930 935 957 945* 906* -7
75 444 458 465 457 456 469 466* 4••* -7
80 191 200 208 207 211 221 225* 224* -7
85 838 872 897 894 903 941 978* 990* -8
90 384 383 390 375 366 365* 372* 365* -8
95 163* 166* 166* 151 131 119S 119* 122* -8

100 663* 670* 665* 602* 510 439* 424* 422* -9
105 262* 266* 270* 246* 210 178* 173* 178* -9
110 111* 112* 115* 107* 094 085* 085* 038* -9

JUNE 1

25 397 400 395 392 396 399 397 433 -4
30 177 178 180 181 182 183 183 157 -4
35 828 835 845 848 848 851 870 897 -S
40 411 413 412 414 413 416 426 436 -5
45 210 211 209 209 210 215 219 223 -5
50 111 112 1li 112 114 117 119 120 -5
55 606 617 619 622 631 649 669 673 -E
60 339 341 343 347 356 368 379 380* -6
65 187 189 188 188 193 202 209 213* -6
to 098 099 097 097 100 106 110* 1L3* -6
75 447 463 458 461 474 511 547* 580* -7
80 193 202 204 204 211 232 257* 215* -7
Z5 085 087 087 086 087 094 104* 113* -7
90 384 380 372 355 335 333 350* 355* -8
95 160* 158 152 134* 109 096 099* 105* -8

100 636* 633* 616* 535* 412 330 328* 345* -9
105 Z52* 256* 252* 224* 171 136 132* Ik*0 -9
110 106* 109* 113* 104* 083 067 066# 069* -9

* TEMPFRATURF DATA LACKING (I.E. LESS THAN TWO DATA
POINTS WITHIN ABOUT ONE MONTH AND 10 DEG LATITUDE)

VALUES FROM 25-55KM ARE BASED ON DATA AT LONGITUDFS 70-160 OEý W
(IKG/M CU = IOPOWEUI-3)GM/CC)
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Table 26a. Densities (kg/m ) 25 to 110 km (Contd.)

LATITUDE (DEGREES N)
KN 0 1o 20 30 40 50 60 TO N

JULY 1

25 400 399 401 402 408 407 407 413 -4
30 178 179 182 185 186 187 190 194 -4
35 820 840 856 863 881 891 903 919 -5
40 404 410 415 419 428 437 444 452 -5
45 207 208 209 211 217 226 230 231 -5
50 108 109 111 112 116 121 125 125 -5
55 585 591 609 615 641 672 695 700 -6
60 327 328 338 343 357 374 393 400 -6
65 182 183 186 188 195 207 219 225 -6
70 095 095 095 095 100 108 117 122 -6
75 444 446 440 434 468 524 587 625 -7
80 195 196 195 191 203 231 265 291 -7
85 085 085 084 080 082 089 103 113* -7
90 370 370 358 329 302 297 314 332* -8
95 148 148 142 122 102 090 091* 094,, -8

100 580 591 581 500 399 333 310* 335. -9
105 242 247 245 215 178 143 130* 125* -9
110 108 112 113 103 086 070 062* 058* -9

%UGUST I

25 400 403 406 406 408 403 411 423 -4
30 178 179 184 185 188 188 192 196 -4
35 8Z3 845 853 872 882 895 907 924 -5
40 403 410 417 420 429 40 445 445 -5
45 205 208 206 210 219 225 227 225 -5
50 108 108 I10 111 117 120 122 120 -5
.5 541 593 594 609 642 666 673 665 -6
60 334 326 330 336 353 370 379 373 -6
65 182 182 179 182 192 201 208 207 -6
10 094 093 093 092 096 102 110 112 -6
75 444 455 440 431 445 488 542 568 -7
80 198 203 202 194 197 216 244 261 -7
d5 085 090 089 085 082 084 091 101 -7
90 360 384 390 351 305 287 293 321 -8
45 147* 161 158 139 114 101 096 099* -8

100 610* 658* 659* 583 479 408* 360* 34#9* -9
105 264* 287* 281* 252 214* 182* 154* 142* -9
110 125* 133* 129* 112 096* 081* 068* O2* -9

*TEMPERATURE DATA LACKING (I.E. LESS THAN TWO DATA
POINTS WITH;N ABOUT OWN MONTH AND 10 DEG LATITUDE)

VALUES FROM 25-55KM ARE BASED ON DATA AT LONGITUDES 70-160 0Eý. W
(IKG/M CU = 1OP9NWF(-31GM/:C)
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Table 26a. Densities (kg/m3 ) 25 to 110 km (Contd.)

LATITUDE (DEGREES NI
KM 0 l0 20 30 40 50 60 TO N

SEPTEMBER 1

25 399 400 399 400 401 403 401 407 -4
30 178 180 181 185 185 185 186 188 -4
35 827 841 854 863 873 872 871 873 -5
40 400 406, 412 415 418 424 422 416 -5
45 204 206 208 208 211 214 212 205 -5
50 109 109 110 109 112 114 113 108 -5
55 605 600 606 600 620 631 616 58? -6
60 340 336 328 326 340 347 339 323 -6
65 185 181 179 175 178 183 182 175 -6
70 931 945 939 895 880 903 932 922 -7
75 440 460 468 432 409 419 451 454 -7
80 195 212 217 196 180 184 200 239 -7
85 841 922 967 865 762 744 809 865* -8
90 361 403 417 361 302 282 300 329* -8
95 153* 169* 174* 147 122 111* 113* 123* -8

100 644* 721* 741* 633 526 464* 459* 479* -9
105 279* 318* 332* 280* 233* 202* 196* 197* -9
1lO 131* 151* 154* 127* 104* 088* 083* 080* -9

UCTJBER 1

25 398 394 391 395 400 402 395 332 -4
30 178 178 179 181 182 184 180 175 -4
35 829 832 839 843 845 836 827 810 -5
40 406 405 404 408 402 393 390 378 -5
45 208 206 204 202 1)9 193 189 183 -5
:o 112 110 108 106 104 101 097 093 -5
55 623 611 598 584 574 550 529 535 -6
60 352 341 329 321 313 297 282 271 -6
65 189 184 177 161 164 155 149 It 2 -6
70 958 945 928 873 808 754 745 719 -7
75 440 448 455 418 312 349 358 3'5 -7
80 193 202 211 192 161 155 164 15I -I
85 826 883 928 842 722 669 714 706* -8
90 368 396 409 361 303 277 298 302* -8
95 159* 169* 170* 147 128 119 128 130* -8
100 673* 719* 731* 631 534 502 546 553* -9
105 2 32* 310* 322* 276* 217 220* 239* 241* -9
110 126* 142* 150* 132* liO* 100* 104* 101* -9

* TEMPERATURE dATA LACKING El.. LeSS THAN TWO OATA
POINIS WITHIN ABOUT ONZ MONTH AND 10 DFG LUTITJDOI)

VALUES FROM 25-55KM ARE BASED ON DATA AT LONGITUOES 13-160 nF3 W
(IKG/M CU = 1OPndR(-3)GM/CC)
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Table 26a. Densities (kg/m 3 ) 25 to 110 km (Contd.)

LATITUDE (DEGREES N)

KM 0 10 20 30 40 50 60 T0 N

NOVEMBER 1

25 396 394 389 391 391 392 393 387 -4
30 178 177 177 178 178 179 IT 173 -4
35 829 831 828 823 816 815 805 792 -5
40 411 406 399 389 382 372 367 361 -5
45 212 208 201 194 185 178 173 169 -5
50 113 111 107 102 096 090 085 084 -5
55 621 609 585 560 522 473 451 453 -6
60 350 343 329 309 286 253 239 241 -6
65 193 188 179 165 149 132 124 127 -6
70 984 960 926 846 749 654 625 627 -7
75 444 439 436 401 354 313 303 299 -7
80 191 192 197 183 160 144 144 137 -7
85 838 849 861 796 703 654 655 633* -8
90 384 390 386 345 304 283 294* 288* -8
95 163* 162 156 141 128 124 131* 132* -8

100 663* 668 651 593 555 559* 606* 632* -9
105 262* 270* 272* 260* 252* 259* 282* 281* -9
110 111* 116* 125* 123* 119* 121* 129* 125* -9

UECEMBER I

25 397 390 385 384 384 380 390 399 -4
30 177 175 177 172 172 177 178 176 -4
35 828 821 809 801 789 811 805 776 -5
40 411 405 392 381 369 372 362 348 -5
45 210 207 196 191 180 176 166 158 -5
50 11.1 109 105 101 095 087 080 076 -5
55 606 598 576 555 510 458 418 400 -6
o0 339 332 321 3"35 279 242 218 214 -6
65 187 185 115 164 146 126 113 111 -6
70 980 951 918 859 749 642 575 555 -7
15 447 435 422 409 361 318 287 259 -T
80 193 189 189 184 169 150 138 125 -7
85 851 831 808 794 749 691 634 574 -8
90 384 378 366 347 327 302 286 260 -8
95 160* 156 149 145 141* 136* 131 123* -8

100 636* 617 605* 609* 627* 633* 619 563* -9
105 252* 244* 239* 256* 281* 305* 302* 272* -9
Ito 106* 103* 106* 114* 126* 137* 137* 124* -9

* TEMPIRATUk- UATA LACKING (I.E. LFSS THAN TWO DATA
POINTS iITH'N ABOUT ONE MONTH AND 10 DFG LATITODE-)

VALUFS FRJM e5-55KM ARE SASID ON DATA AT LONGITUDLS 70-160 OE3 W
AND DtPEND tIN L3NlTiTU0E AT HIGH LATITUDES IN WINTIR. T-i4 60 AN. 173
0 -6 N VALULS AR- t3AS2 I) CN rt-ti4T CHURCHILL f94 O)G WI A,40 F{AT
GctL'f (146 ),G W) AN,) At 25-35KM UN RADIOSONF)k DATA FOr) 115 U-G o

(1KG/M CU = iOPP1WFAI-3)GM/LC)
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Table 26b. Densities (kg/m3 ) 25 to 110 km. Insert decimal point on the right of
the three digits and multiply by 1 0 N

KM JAN FEx MAR APR MAY JUN JUL AUG SEP OCT NOV DEC N

0 DEGREES N

25 400 400 399 398 396 397 400 400 399 398 396 397 -4
30 178 178 178 178 178 177 X78 178 178 178 178 177 -4
35 820 823 827 829 829 828 820 823 827 829 829 828 -5
440 404 403 400 406 411 411 404 403 400 406 411 411 -5
45 207 205 204 208 212 210 207 205 204 208 212 210 -5
50 108 10 109 112 113 ILL 108 108 109 112 113 111 -5
SJ 585 591 605 623 621 606 585 591 605 623 621 606 -6
60 327 334 340 352 350 339 327 334 340 352 350 339 -6
65 182 182 185 189 193 187 182 182 185 189 193 187 -6
70 952 943 931 958 984 980 952 943 931 958 984 980 -7
75 444 444 440 440 444 447 444 444 440 440 444 447 -7
di 195 198 195 193 191 193 195 198 195 193 191 193 -7
85 850 845 841 826 838 851 B50 845 841 826 838 851 -8
90 370 360 361 368 384 384 370 360 361 368 384 384 -8
9J 148 147* 153* 159* 1630 160* 148 147* 153* 159* 163* 160* -8

100 580 610* 644* 673* 663* 636* 580 610* 644* 673* 663* 636* -9
LO 242 264* 279* 282* 262* 252* 242 264* 279* 282* 262* 252* -9
110 108 125* 131* 126* 111* 106* 108 125* 131* 126* 111* 106* -9

10 DEGREES N

2: 393 393 387 394 400 400 399 403 400 394 394 390 -4
30 175 174 175 178 180 178 179 179 180 178 177 175 -4
35 815 813 811 823 832 835 840 845 841 832 831 821 -5
40 400 393 397 *06 414 413 410 410 406 405 406 405 -5
45b 203 201 202 208 212 211 208 208 206 206 208 207 -5
50 107 106 109 112 114 112 109 108 109 110 111 109 -5
5t 581 592 604 622 628 611 591 593 600 611 609 598 -6
60 325 332 343 350 351 341 328 326 336 341 343 332 -6
6S 179 181 182 186 191 189 183 182 181 184 188 185 -6
70 926 914 912 942 985 989 954 933 945 945 960 951 -7
1i 431 4Z5 417 435 458 463 446 455 460 448 439 435 -7
do 190 189 186 190 200 202 196 203 212 202 192 189 -7
85 832 8L2* 793 821 872 870 846 699 922 883 849 831 -8
90 365 343* 345 364 383 380 370 384 403 396 390 378 -8
9p 146* 140* 140 157 166* 158 148 161 169* 169* 162 156 -8

100 5740 571* 591* 648* 670* 633* 591 658* 721* 719* 668 617 -9
105 236* 246* 249* 265* 266* 256* 247 287* 318* 310* 270* 244* -9
110 106* 114* 117* I16* 112* 109* 112 133* 151* 142* 116* 103* -9

* TEMP'.RArURE DATA LACKING (I.L. LESS THAN TWO DATA
POINTS WITHIN A8OUT ONE MGNTH AND 10 DEG LATITUDE)

VALUES FROM ,5-55KM AR- BASED JN DATA AT LONGITUDES 70-160 OtG 4
VALULS APPLY Tu THE F I.ST DAY OF EACH MLNTH

1IKG/M Cl1 = IOP1WERI-3)GM/•A.)
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Table 26b. Densities (kglm 3 ) 25 to 110 km (Contd.)

Ki JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC N

20 OhDE~iES N

25 392 386 388 386 391 395 401 406 399 391 389 385 -4
30 173 172 174 174 177 180 182 184 181 179 177 177 -4
335 805 799 805 822 835 845 856 853 854 839 828 809 -5
40 386 386 390 402 411 412 415 417 412 404 399 392 -5
4J 196 195 198 205 209 209 209 206 208 204 201 196 -5
50 104 104 106 110 112 111 111 110 110 108 107 105 -5
55 575 510 591 610 624 619 609 594 606 598 585 576 -6
60 320 325 331 340 344 343 338 330 328 329 329 321 -6
b5 174 174 174 179 184 188 186 179 179 177 179 175 -6
t0 906 873 863 903 958 968 955 930 939 928 926 918 -7
I, 421 408 400 435 465 458 440 440 468 455 436 422 -7
d 187 185 183 196 208 204 195 202 217 211 197 189 -7
d:) 809 817 803 664 897 869 838 889 967 928 861 808 -8
90 349* 347 350 382 390 372 358 390 417 409 386 366 -8
9 139* 139 142 163* 166* 152 142 158 174* 170* 156 149 -8

t'.#J 560* 514 583 669* 665* 616* 581 659* 741* 731* 651 605* -9
LOi 234* 249* 247* 269* 270* 252* 245 281* 332* 322* 272* 239* -9
L1u 104* 114* 114* 115* 115* 113* 113 129* 154* 150* 125* 106* -9

3U 0c4HE:S N

2.1 381 379 380 383 389 392 402 406 400 395 391 384 -4
30 171 171 172 174 177 181 185 185 185 181 178 172 -4
3,i 800 791 802 814 830 848 863 872 863 843 823 301 -5
40 374 375 382 39b 402 414 419 420 415 408 389 381 -5
,. 189 187 191 198 204 209 211 210 208 202 194 191 -5
•d 100 099 101 106 109 112 112 111 109 106 102 101 -5
5!3 554 545 555 582 608 622 615 609 600 584 560 555 -6
cO 302 303 305 323 334 347 343 336 326 321 309 305 -6
o• 164 1tul 161 168 180 188 16L 182 175 167 165 164 -6
Id 837 809 800 864 930 969 946 925 895 873 846 859 -7

4ý 403 3uZ 384 416 457 461 434 431 432 418 401 409 -7
o 180 III7 177 196 207 204 191 194 196 192 183 184 -7

d3 791 185 796 872 894 863 804 850 865 842 796 794 -8
90 339* 342 345 388 315 355 329 351 361 361 345 347 -8
4 138* 131 139 159* 151 1340 122 139 147 147 141 145 -8

Aod 571* 574 574 654* 602* 535* 500 583 633 631 593 609* -9
1dJ 244* 241* 24d 265* 246* 224* 215 252 2800 216* 260* 256* -9
LIJ 107* 113* LIU 114* IC7* 104* 103 112 127* 132* 1234 114* -9

S TFMPLRATURE UATA LACKING (I.E. LESS THAN TWO DATA
PUINTS WITHIN ABOUT UNhN MLNT4H AND 10 DEG LATITUDEI

ViLUS FROM 25-55K'4 At"L 6ASE) ON DATA AT LONGITUDES TO-1bO UG w
,/ALULS APPLY TO THE: FIRST aJAY UF EACM MLNTH

I1KG/N CU = IOP0WFR4-3IGM/LLI
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Table 26b. Densities (kg/rn3) 25 to 110 kmn (Contd.)

Ka JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC N

40 DEGREES N

25 377 382 381 379 384 396 408 408 401 400 391 384 -4
30 171 173 174 173 177 182 186 188 185 182 178 172 -4
3i 791 790 787 798 816 848 881 882 873 845 816 789 -5
40 367 368 371 384 396 413 428 429 418 402 382 369 -5
45 180 181 183 192 202 210 217 219 211 199 185 180 -5
50 094 095 096 103 109 114 116 117 112 104 096 095 -5
5i 511 521 524 565 605 631 641 642 620 574 522 510 -6
60 ?77 2b4 288 311 338 356 357 353 340 313 286 279 -6
65 146 149 150 164 179 193 195 192 178 164 149 146 -6
70 075 076 076 084 054 100 100 096 088 081 075 075 -6
7i 365 364 368 409 456 474 468 445 409 372 354 361 -7
80 171 171 174 195 211 211 203 197 180 167 160 169 -7
8i 760* 766 778 871 903 865 824 816 762 722 703 749 -8
90 333* 341 340 373 366 335 302 305 302 303 304 327 -8
9i 141* 142 138 147 131 109 102 114 122 128 128 141* -8

100 622* 598 578 603 510 412 399 479 526 534 555 627* -9
101 271* 257* 247 253 210 171 178 214* 233* 237 252* 281* -9
110 119* 116* 110 108 094 083 086 096* 104* 110* 119* 126* -9

50 DUI&EEý N

25 382 391 390 378 381 399 407 403 403 402 392 380 -4
30 176 178 177 173 176 183 187 188 185 184 179 1/7 -4
35 812 799 795 793 811 851 891 895 872 836 815 811 -5
40 371 3b6 368 381 395 416 437 440 424 393 372 372 -5
45 177 176 180 192 201 215 226 225 214 193 178 116 -5
50 089 090 094 103 110 11 121 120 114 101 090 087 -5
5 4p 467 483 509 565 616 649 672 666 631 550 473 458 -6
60 248 261 276 314 344 368 374 370 347 297 253 242 -6
61 131 136 145 165 184 202 207 201 183 155 132 126 -6
10 066 069 074 C85 096 106 108 102 090 075 065 064 -6

.330 33M 358 '12 469 511 524 488 419 349 313 318 -7
8d 157 uOo 172 200 221 232 231 216 184 155 144 150 -7
d5 722* 738 176 689* 941 945 b94 843 744 669 654 691 -8
90 320* 331 346* 374* 365* 333 297 287 282 277 283 302 -8
9.2 1430 1t* 141* 139* 119* 096 090 101 111* 119 124 136* -8

IOJ 645* 619* 589* 5o0* 439* 330 333 408* 464* 502 559* 633* -9
ILI> 294* 26•* 251* 234* 178* 136 143 182* 202* 220* 259* 305* -9
Ili 128* li* 11-* 107* 085* 067 O0J 081* 088* 1000 121* 137* -9

* ILMPLRATURE EATA LACKING (I.L. LESS THAN TWO DATA
POIN TS WITHIN AE.OUT OJN2 MONTH AND 10 DEG LATITUDE)

VALUcS fROM 25-55KM AR' BASEL) UN DATA A] LONGITUDES 10-160 DiG .W
vfAtU•S APPLY TO IHL FIJST CAY Of- kACH MLNTH

(IKG/M CU = IOPUWER(-3)GM/C(C)
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Table 26b. Densities (kg/r 3) 25 to 110 km (Contd.)

KM JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC N

60 DiGREES N

25 395 387 381 375 385 397 407 411 401 395 393 390 -4
30 179 175 173 173 118 183 190 192 186 180 178 178 -4
3p 813 804 785 802 823 870 903 907 871 827 805 805 -5
40 361 366 365 377 399 426 444 445 422 390 367 362 -5
45 168 173 177 187 201 219 230 227 212 189 173 166 -5
50 081 085 090 098 109 119 125 122 113 097 085 080 -5
55 420 446 479 541 606 669 695 673 616 529 451 418 -6
00 218 2a5 258 294* 341 3f9 393 379 339 282 239 218 -6
62 115 122 134 155* 183S 209 219 208 182 149 124 113 -6
70 058 061 067 079* 095* 110* 117 110 093 074 063 058 -6
12 289 300 325 389* 466* 547* 587 542 451 358 303 287 -7
80 137 141 155 186* 225* 257* 265 244 200 164 144 138 -7
8, 063 065 072 085* 098* 104* 103 091 081 071 066 063 -7

283 295 323* 353* 372* 350* 314 293 300 298 294* 286 -8
9ý 131* 133* 136* 135* 119* 099* 091* 096 113# 128 131* 131 -8
LUO 593* 518* 559* 522* 424* 328* 310* 360* 459* 5466 606* 619 -9
105 278* 254* 241* 223* 173* 132* 130* 154* 196# 239* 282* 302* -9
11 124* I14* 111* 106* 085* 066* 062* 068* 083* 104* 129* 137* -9

I UcGRttS N

2 4 403 311 354 37o 398 403 413 423 407 382 387 399 -4
30 116 168 L62 114 181 187 194 156 188 175 173 176 -4
35 772 7b5 755 793 857 897 919 924 873 810 192 776 -5
4u 338 348 3i- 64 , 399 436 452 445 416 378 361 348 -5
45 153 1o2 170 175 200 223 2J1 225 205 183 169 158 -5
no 072 017 084 C89 104 120 125 120 108 093 084 076 -5
'1 3t,7 390 439 485 58b o13 1OU 665 587 505 453 400 -6
60 192 203 233 264* 324* 3dO* 400 373 -23 271 241 214 -6
b3 100 105 121 139* 178* 213* k25 207 175 142 127 lii -6
1j 050 0:)2 059 CIO* 091* 113* 122 112 092 012 063 55 -6
75 241 241 Zd;28.* 341* 467* 5do* 625 568 454 345 299 269 -7
d0 110 111 129* 1o2* 224* er5* e91 261 209 157 137 125 -7
8:) 050 049 059* 013* 099* 113* 113* 101 087* 011* 063* 0-7 -7
90 225 22z 2si5* 301* 365* 365* j3Z* 321 329* 302# 288* 260 *-d
9.1, 103* 099* 108* 15* 122* 105* (94* C99* 123* 130* 132* IZO* -8

LO0 474* 439* 451* 44.* 422* 345* 305* 34S* 479* 5503 602* 563* -9
Los 224* 195* 200* 192* 178* 140* 125* 142* 197* 241* 281* 272* -9
I10 101* U0b* U94* C95* 088* 069* 05d* 062* 080* 101* 125* 124* -9

* TfMP.HATUfWE DATA LACKING (I.•. LESS THAN TwO DATA
PuINS wI[THIN AdUUT IhN- MCNTH AND 10 DLG LATITUOL)

VALU0LS FRUM -15-55KM AR- dAStu ON uAIA AT L.UNGIrUDES 10-150 U,_G W
ANi..) ULPEND ON LLJbNl U4,`- AT HIGH LATITUOJ-LS IN WINTER.TH- 60 ANO 70
Jc, N VALUtS Alý bAWLG LUN FURl LHURCHILL 194 W[u W) ANO FORT
,4t:tLY (146 Diu W) ANI' AT 25-35KM UK K'UuIUSCNOE DATA f-JR 115 Oi:G W
VALUc-S APPLY Tu Tri• F [.•T 0AY of- EALH IC4NTH

(lKGIM CU = I.?UiiER(-3)kiM/C.C|
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Table 27. Log (density) for the Values in Table 26b. The annual mean value and
the monthly differences from this value

KN MEAN JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

0 •cEGREES N

25 *2.600 +002 +002 +000 -001 -002 -001 +002 +002 +000 -001 -002 -001
30 02.250 +000 +000 4001 +001 4001 -002 +000 +000 +001 +001 +001 -002
35 03.917 -003 -002 +000 +002 4002 +001 -003 -002 +000 +002 +002 +'ul
40 *3.608 -002 -004 -006 +000 +006 +006 -002 -004 -00& +000 +006 +u06
45 *3.317 -002 -006 -007 +001 +009 +005 -002 -006 -007 +001 `009 +0'i

50 *3.043 -008 -008 -006 +007 t011 +004 -008 -008 -006 +007 +01.- +00.
55 *4.782 -014 -010 +000 +013 +011 +000 -014 -010 +000 +013 +011 +000
60 *4.532 -017 -008 *000 4014 *013 -002 -017 -008 +000 +014 +013 -002
65 *4.270 -010 -011 -004 +007 +0316 +002 -010 -011 -004 +007 +016 +002
10 *5.981 -003 -007 -012 +000 +012 +010 -003 -007 -012. +000 +012 +010
75 *5.647 *001 +000 -003 -003 +001 4004 4001 +000 -003 -003 +001 +004
80 *5.289 +002 +009 +002 -004 -007 -002 +002 +009 +002 -004 -007 -002
8! *6.925 +004 +002 +000 -008 -002 +005 +004 +002 +000 -008 -002 +005
90 *6.570 -001 -013 -012 -003 +015 +014 -001 -013 -012 -003 +015 +014
95 *6.191 -020 -022 -007 +012 +023 +013 -020 -022 -007 +012 +*223 +013

100 *7.802 -039 -017 +006 +026 +019 001 -039 -017 +006 +026 +019 +001
10:5 *7.421 -037 *001 +024 +029 -002 -020 -037 +001 +024 +029 -002 -020
110 +7.071 -037 +026 +046 +029 -026 -041 -037 +026 +046 +029 -026 -047

10 JctiREES N

12!i *2.597 -003 -003 -009 -002 +004 +005 +004 +008 +005 -001 -002 -006
30 *2.249 -005 -008 -005 +001 +007 +003 +001 +004 +005 +001 -001 -Ou5
3: *3.918 -007 -008 -009 -003 +002 *003 +006 +0*U +007 4002 +001 -004
40 *3.608 -006 -013 -009 +001 +009 +,08 +0C5 +005 +001 •01 +U01 +GO0
4 *3.315 -008 -013 -009 +C02 +011 +010 +003 +002 -:2! -OuL +002 +001
:,O *3.040 -013 -014 -002 +010 +016 +010 -004 -007 -OUl. +003 +003 -002
; *4.781 -01o -009 +000 +013 +017 +0G9 -009 -000 -003 +005 +004 -004

oO *4.528 -01n -007 +007 +016 +017 +005 -013 -015 -082 +005 +007 -007
6> *4.266 -012 -007 -006 +004 +015 +011 -003 -007 -007 -001 +009 +002
1j *5.976 -009 -015 -016 -002 +017 +019 +003 -006 +000 -001 +,06 +002
1, *5.646 -012 -018 -026 -C08 +015 +020 +003 +012 +017 +005 -003 -007
bO *5.292 -011 -017 -022 -G13 +010 +014 +000 +016 +034 +013 -ODd -017
d5 *6.o31j -011 -021 -032 -C16 +010 +0t -003 +023 +034 +015 -002 -il
90 *°.574 -01- -039 -0-7 -013 +009 +005 -0C6 +010 *031 +024 .',Id +003
ý2 *b.193 -u040 -046 -046 +003 +026 +005 -023 +014 4034 +035 +017 +U00

too *1.805 -0U4 -048 -034 +007 4021 -004 -033 +013 +053 +051 +0O', -015
L03 *7.425 -052 -034 -029 -002 +(JO -017 -03, +033 +071 +06,6 +006 -037
Ito *1.076 -0U2 -018 -009 -012 -027 -04L -027 +046 +103 +075 -011 -0b2

I 1N[tuAL PART uF LUGAkITHM , NEGATIVE
d.::c APPLY TO TriE &IIRST CAY uF EACH MUNTH (iKG/M CU IOPdWL(-I3Iu1/C.I)



182

Table 27. Log (density) for the Values in Table 26b (Contd.)

KM MEAN JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

20 JEGREES N

22 *2.594 +000 -007 -005 -007/ -002 4003 +010 +015 +007 -001 -004 -009
30 *2.249 -010 -014 -010 -008 +000 +005 *011 +017 +008 +004 -002 -002
35 *3.919 -013 -016 -013 -004 +003 +008 4014 +012 +013 +005 -001 -010
40 *3.604 -018 -018 -013 -001 +009 +011 +014 +015 +010 +002 -003 -011
45 *3.307 -014 -018 -011 +004 +013 +014 4013 +006 +010 +002 -004 -015
50 *3.034 -018 -017 -007 +007 +014 +012 +009 +006 +007 +001 -005 -011
55 *4.776 -017 -013 -005 *009 +019 +015 +008 -002 +006 +001 -009 -015
60 *4.521 -015 -008 -001 +011 +017 +015 +008 -002 -005 -003 -004 -014
65 *4.253 -011 --012 -014 +000 +013 +020 +017 -001 +001 -005 -001 -009
70 *5.965 -008 -024 -029 -009 +017 +021 +015 +004 +008 +003 +002 -002
75 *5.641 -016 -030 -038 -002 +027 +020 +003 +003 +029 +017 -002 -015
80 *5.296 -024 -030 -034 -003 +022 +013 -007 +009 +040 +028 -003 -019
85 *6.936 -028 -024 -031 *001 +017 +003 -012 +013 +050 +032 -001 -029
90 *6.576 -033 -036 -031 +006 +016 -005 -022 +016 +045 +036 +012 -012
95 *6.188 -045 -044 -037 +025 +032 -007 -037 +010 +053 +043 +006 -015

100 *7.804 -055 -045 -038 +022 +019 -014 -039 +015 +066 +060 +010 -022
105 *7.428 -058 -031 -034 +002 +004 -026 -039 +020 +093 +080 +007 -049
110 *7.083 -067 -027 -026 -020 -021 -031 -030 +029 +104 +095 +014 -059

30 ,E6,EES N

20 *2.591 -011 -012 -011 -008 -002 +002 +013 +017 +011 +005 +001 -007
30 *2.250 -016 -016 -015 -009 -001 +007 +018 +019 +016 +009 +000 -013
35 *3.919 -016 -020 -015 -008 +001 +010 +018 +022 +011 +007 -033 -015
40 *3.600 -027 -025 -018 -003 +005 +017 +023 +024 +018 +011 -010 -019
45 *3.300 -023 -028 -018 -003 +010+ 020 +025 +022 +018 4005 -012 -019
53 *3.024 -026 -027 -019 +001 +013 +026 +026 +021 +014 +001 -016 -019
5i *4.765 -022 -029 -021 +000 +019 +028 +024 +019 +013 +001 -017 -02!
60 *4.507 -027 -025 -023 +002 +017 +033 +029 +019 +007 +000 -017 -022
65 *4.235 -021 -029 -030 -009 +019 +039 +038 +024 +008 -011 -018 -019
70 *5.944 -021 -036 -041 -008 +024 +042 +032 +022 +008 -003 -017 -010
Is *5.622 -017 -039 -038 -003 +038 +042 +015 +012 +013 -001 -019 -011
80 *5.279 -025 -030 -030 +014 +037 +030 +002 +009 +014 +004 -017 -014
85 *6.919 -021 -024 -018 +022 +033 +018 -013 4011 +018 6006 -018 -019
90 *A.548 -018 -014 -010 +040 +026 +003 -030 -003 +009 +010 -011 -008
95 *6.151 -013 -014 -007 4051 +028 -023 -066 -007 +015 +017 -002 +009

100 *7.770 -013 -010 -010 +046 +010 -041 071 -004 +031 +030 +003 +015
LOb *7.400 -013 -007 -005 +024 -009 -050 -067 +O0 +048 +041 +016 +007
110 *7.056 -028 -004 -014 +002 -028 -039 -042 -007 +047 +064 +033 +000

* INTEGRAL PART UF LOGARITHM IS NEGATIVE
VALUES APPLY TO THE FIRST CAY OF EACH MONTH (IKG/M CU = IOPOWER(-3)GM/CC1
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Table 27. Log (density) for the Values in Table 26b (Contd.)

KeG MEAN JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

40 DEGREES N

25 *2.592 -015 -010 -011 -014 -007 #005 #019 -019 -011 *010 4000 -008
.30 *2o252 -018 -014 -012 -013 -003 +009 4018 4021 4015 4009 -001 -015
35 *3.917 -019 -020 -021 -015 -006 #011 *028 +028 +024 -010 -005 -020
40 *3.595 -030 -030 -026 -011 .002 4021 *036 +037 +026 +009 -013 -028
45 *3.293 -039 -037 -031 -010 .012 *028 +043 +046 *032 *006 -026 -038
50 *3.017 -046 -040 -034 -006 4019 #040 *047 *049 +030 -002 -033 -041
55 *4.758 -049 -041 -039 -005 4024 *042 *049 +050 +035 *002 -040 -050
60 *4.499 -056 -045 -039 -005 *030 *053 +054 *050 4033 -003 -043 -054
65 *4.224 -058 -049 -048 -009 4030 *061 4067 4061 +028 -008 -049 -058
70 *5.929 --01 -048 -048 -006 .042 +070 +071 *051 +016 -022 -055 -055
1$ *5.606 -044 -045 -040 .005 .053 +069 *064 +042 *006 -035 -057 -048
80 *5.265 -033 -032 -024 *024 4059 *060 *043 4030 -010 -043 -060 -037
8 **6.899 -018 -015 -009 *040 4056 *038 4017 *012 -017 -041 -053 -025
90 *6.515 *007 *017 *016 *056 *048 4010 -035 -031 -035 -034 -032 +000
32 **6.110 *041 *044 *030 *057 *008 -071 -101 -052 -022 -002 -002 *040

100 *7.730 *064 *047 *032 +050 -023 -115 -129 -050 -009 -002 .014 *067
LOS *7.369 *065 *041 4023 *034 -047 -1.37 -118 -038 -001 *007 *033 +080
110 *7.025 *051 *038 *018 +007 -052 -107 -089 -043 -010 *018 4052 *076

50 UEGAEES N

25 *2.594 -011 -002 -002 -016 -012 *008 *016 +012 4011 +010 -001 -013
30 *2.256 -010 -006 -009 -018 -010 *007 *016 +018 *011 *009 -003 -008
35 *3.920 -011 -018 -020 -021 -011 4010 *030 *032 *021 *002 -009 -011
40 *3.596 -027 -033 -031 -015 *001 4023 4044 4048 +031 -002 -026 -026
45 *3.293 -045 -046 -038 -009 +011 +039 +061 4060 *038 -006 -043 -047
50 *3.013 -065 -057 -041 +000 *029 4055 *071 *067 +042 -009 -059 -071
55 *4.749 -080 -066 -043 4002 *040 *063 .078 *074 *050 -009 -074 -088
60 *4.489 -094 -071 -048 4009 *048 *078 *085 *080 *051 -016 -085 -104
65 *4.215 -098 -082 -053 +002 *051 *090 +102 *089 +048 -023 -095 -114
70 *5.921 -101 -080 -055 +006 *060 *1(14 4112 4087 *035 -044 -105 -114
7i *5.605 -087 -075 -051 *011 *066 *10.. *115 4084 *018 -062 -109 -103
d) *5.267 -073 -063 -033 *033 4078 4099 4095 +066 -003 -077 -108 -090
81 *6.899 -040 -031 -009 +050 *075 *017 *053 *027 -027 -073 -083 -059
90 *6.500 +U05 *019 4038 *072 *062 *023 -027 -042 -050 -058 -048 -020
9i *$6.086 *070 *076 4062 *056 -012 -105 -134 -083 -040 -011 +008 *049

100 *7.705 +105 +087 *066 +043 -062 -186 -183 -094 -038 -004 4043 *096
105 *7.348 *121 *078 +052 *022 -097 -215 -191 -087 -041 -005 +Ob6 *137
110 07.005 4104 *066 *045 *023 -077 -178 -159 -095 -059 -006 +078 4131

* INTEGRAL PART .F LUi;ARITHM IS NEGATIVE
1ALUES APPLY TO THE FIRST DAY OF EACH MCNTH 11KG/M CU -: IOPOWERI-3)GMCC)
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Table 27. Log (density) for the Values in Table 26b (Contd.)

KM MEAN JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

60 DEGREES N

25 *2.595 *002 -007 -014 -020 -009 *004 +015 +019 +009 +OOZ +000 -003
30 *2.256 -004 -012 -019 -018 -006 4007 +023 *026 +013 -001 -005 -006
35 *3.921 -012 -016 -026 -017 -006 +018 +034 +036 +018 -004 -016 -016
40 *3.595 -038 -031 -033 -019 +006 +035 +052 +053 +031 -004 -031 -037
45 *3.286 -062 -049 -038 -016 +G17 *055 *075 +069 +039 -011 -049 -066
i0 *3.001 -096 -072 -047 -011 +036 +075 +094 +085 +053 -013 -070 -096
5J *4.737 -114 -087 -056 -004 +046 +08S +105 +092 +053 -013 -082 -116
60 *4.474 -135 -103 -063 -006 +058 +105 +120 +105 +056 -024 -095 -136
65 *4.203 -143 -115 -076 -012 +060 +117 +139 +115 +057 -030 -108 -150
70 *5.914 -150 -127 -089 -018 +062 +128 +155 +126 +056 -042 -118 -154
75 *5.606 -145 -129 -094 -016 +063 +132 +162 4128 +048 -052 -124 -149
80 *5.274 -137 -125 -082 -006 +078 +136 +150 +113 +027 -060 -116 -134
8i *6.905 -103 -089 -045 +026 +086 +114 +107 +056 +003 -051 -089 -103
9U *6.496 -045 -027 +013 +052 +075 +048 +001 -030 -019 -022 -028 -039
95 *6.079 4037 +043 +053 +0!0 -004 -086 -122 -097 -025 +027 +038 +036

100 *7.692 +081 +070 +055 +025 -064 -176 -200 -136 -030 +045 +091 +100
105 *7.336 +108 +068 +045 +012 -098 -214 -221 -148 -045 +041 +113 +144
110 *8.995 +098 +061 .048 +028 -066 -176 -204 -164 -079 +023 +115 +141

70 .EGREES N

25 *2.595 +011 -019 -046 -020 +004 4011 +021 +032 +015 -012 --07 +006
30 *2.254 -008 -028 -045 -013 +005 +018 +035 +040 *021 -010 -016 -007
35 03.918 -030 -034 -040 -018 +015 +035 +046 +048 +023 -009 -019 -02B
40 *3.587 -058 -045 -036 -026 +014 +052 +067 +061 +032 -010 -GjO -046
45 *3.274 -090 -065 -043 -032 +027 +075 +091 +078 +038 -011 -045 -075
50 *4.982 -126 -096 -057 -031 +036 +096 +115 +097 +049 -014 -060 -101
55 *4.717 -152 -126 -074 -031 +051 +111 +128 +106 +052 -014 -060 -114
80 *4.455 -172 -147 -086 -032 +056 +126 +147 +117 +054 -022 -072 -125
65 *4.186 -185 -166 -104 -044 064 +142 +167 +129 +056 -033 -084 -139
?U *5.899 -202 -186 -125 -056 +059 +155 +188 +150 4066 -042 -102 -155
1J *5.594 -213 -209 -144 -061 +075 +169 +202 +160 +063 -056 -119 -165
80 *5.261 -219 -215 -152 -052 +089 +178 +,O? +156 +058 -064 -126 -164
8J, *6.892 -190 -198 -121 -028 +104 +161 +4160 +!!a +045 -043 -090 -132
90 *6.473 -121 -126 -067 +006 +090 +09 +048 +033 +044 v007 -013 -057
9J *6.051 -038 -056 -016 +010 +034 -031 -080 -055 +038 +063 +069 +029

100 *7.bSS +0Z0 -013 -001 -LO7 -030 -118 -171 -112 +025 *087 +124 +095
10) *7.298 +05,2 -009 +002 -G16 -047 -153 -201 -146 -005 .'083 *150 +136
IlJ *8.957 +045 -007 +01o +*020 -010 -117 -190 -168 -051 +048 +141 +136

I 1N[EGNAL PART UI- LUGARIIHM IS Nt.fATIVE
VALUc- APPLY 1( TAL FIRST GAY UF LACJH MCNTH (IKG/M CU IOPOWER(-3)GM/CC)
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Appendix A

Method of Construction of Tables

Al. INTRODUCTION

In principle, the problem of constructing the tables presented in Section 4

was similar to that for CIRA 1965, but a much larger amount of available data

required graphical methods to be replnced by computerised oneq. As a result

of the larger amounts of data, certain changes in the analysis procedure appeared

desirable and computer processing provided a practical means of accomplishing

this. Such changes are emphasized in the following sections.

A2. W-E %INDS, 25 TO 60 KM

Computer runs were made for three cases corresponding to Tables 7 t, c.

In each ctse, mean deviations were calculated by taking the difference

6u = UOBS - UQB - 'MODEL I (A1)

where uOBS is an observed value, and UMODEL I is the value obtained by inter-

polating a givern Model I (using second differences) at the appropriate latitude,

height and date. For latitudes greater than 350, UQB = 0; and for those less than
350 UQB was calculated from Eq. (2) on p. 28. Ideally a correction term for

QBI



198

diurnal effects should be included, but adequate results have not been av'ilable

(Section 2. 8); and so a procedure was followed which tended to remove diurnal

components, provided observations had a satisfactory distribution in local time.

The values of 6u were divided into six 4-hourly groups of local time 02 to 06,

06 to 10 hours, etc., and were first averaged in each group. The average Tui

of the six groups (or of those groups containing data if any were without data) was

then obtained. Tables 13 to 16 show the number of groups containing at least mne

data point (G), the total number of observations (NRO) T-r each grouping by month

and latitude, and the standard deviations (SD) of the observations from the model,

for the final model. Intermediate models were obtained by the operation

u MODEL2 I uMODEL 1 + (A2)

where I / denotes smoothing with respect to height, latitude and month.

A3. W-E WINDS, 60 TO 130 K•I

Tables 10a and b resulted from an analysis similar to that described in

section A2, but with the following changes:

(i) S. Hemisphere data were included with a 6-month change of date.

(ii) Prevailing wind components at 80 to 100 km from ground-based techniques

were incorporated with a weighting factor equivalent to 24 inaividual values

(supposedly taken at one-hourly intervals), thereby tying the model to the ground-

based data (as a comparable number of rocket values was never available).

(iii) Due to the large amplitude of diurnal variations at greater heights,

E-' in Eq. (A2) was set equal to zero if the averaging process for removing diurnal

eilects was unlikely to be effective, for example if G = 1.

(iv) It heights where the recycling of Eq. (A2) did not show convergence (due

to lack of data), model values have been deleted. In fact, only at 30 latitude are

values given up to 130 km.

-t. TE1mPERvIIRES. 25 TI) I0l KMI

Although CIRA 1965 temperature models were made consistent with the zonal

,vind models and the thermal wind equation, this procedure was dictated more by

t1& lack of data then available than by arguments for the strict validity of the

thermal wind equation. With more data now at hand, preliminary calculations

indicate that better models would be obtained without using the thermal wind

equation.
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The procedure followed has been to modify an init;'al model Ti on the basisin
of temperature observations in such a way that a new model would have smoothly

running differences in height, season and latitude. The new model Tnew was

determined on the basis of observed temperatures from

T ()e = Tin(0) + a + bO + cO2  (A3)

Sbeing latitude in the range (0-90°) and a, b and c being found by the method of

least squares. If observations were not well distributed in latitude, 'either c or b

and c would be set equal to zero. This proc~edure was repeated with Tnew as the

next Tin until convergence was obtained. Five-point smoothing of" Tnew in height,

latitude and season was then carried out until a smooth model was obtained. It

was found that convergence was more rapid below 80 km than above, where lack

of data caused larger increments between successive cycles.

As only MRN temperatures up to July 1966 hai been used in obtaining Tnew,

it was decided to update the models using data up to December 1968. The method

involved constructing a model of differences AT based on the mean differences of

observations from the T model at a number of sites. 6T was then smoothed

in latitude, season and height (two cycles of smoothing) and the final model was

obtained as

Tfinal = Tnew + 1AT1 (A4)

After one recycling of this calculation, Tfinal had converged to within 1°K below

80 km. Above 80 km, convergence was slower due to lack of data and the value

of further cycling would have been doubtful. Uncertain temperature values, taken

to be those not lying within about 1 month. 10° latitude or 5 km altitude of at least

two observations, have therefore been marked with an asterisk in Tables 18, 24,

and 26.

A5. PRES-SRES .%NI1 DENSITIES, 25 TO 110 KM

Pressure p and density p ha t- :eer, calculated from temperature T and 30 km

pressures po by the same method as used in CIRA 1965. The formulae are:

p - Po exp [ Mg dz/HT

p pM/RT
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where R = 8. 3143 joule/g mole/!0 K; and

g -g 9 - (3.085462 x 10-6 + 2.27 x 10-9 cos 20) z

+ (7. 254x 10-13 +10× 10-15 cos 20) z 2 m/s 2

go = 9. 780356(1 + 0. 0052885 sin 2 0 - 0.0000059 sin2 20) m/s2

where z is height in meters above sea level and M is mean molecular weight

taken as 28. 96 up to 80 km. Above this height the following values were taken:

28. 95, 28. 92, 28. 65, 28. 09, 27. 69 and 27. 30 at 85, 90, 95, 100, 105 and 110 kin,

respectively.


